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TWO REMARKABLE NEW SPECIES OF MARINE SHELLS 
FROM FLORIDA 


BySPAUL BARTSCH 


Curator, Division of Mollusks and Cenozoic Invertebrates, 
U. S. National Museum 


(With ONE PLATE) 


There were recently brought to the attention of the United States 
National Museum, among other specimens, two remarkable new 
species of marine mollusks collected near Tarpon Springs, Fla., by 
Sozon Vatikiotis, a deep-sea diver. The types of these species were 
presented to the Museum by Mrs. Helen Vatikiotis, wife of their 
discoverer. 


CONUS SOZONI, n. sp. 
Plate 1, figs. 1-3 


Shell large and rather strong with the spire broadly conic and about 
one-fourth the height of the total height of the shell. The succeeding 
turns fall very slightly below the shoulder of the whorls and produce 
a feeble steplike effect on the spire. The exposed portion of the turns 
on the spire slopes gently and is marked by very fine obscure wrinkle- 
like spiral lirations and protractively curved incremental lines. From 
the shoulder to the tip of the base the shell is almost straight, having 
a slight bulge a little below the middle, and a broad feeble contrac- 
tion anterior and posterior to this, which really renders the outline 
of the whorl slightly sinuous. The sculpture of this part of the shell 
consists of incremental lines of varying strength and microscopic 
spiral lirations, except on the basal half of the columella, which is 
marked by a dozen rather deep grooves that are distantly spaced 
posteriorly and more closely approximated anteriorly. Anteriorly they 
are separated by raised spiral ridges about as wide as the grooves, while 
posteriorly the space between the grooves becomes much wider, the 
last one being about five times as wide as the groove. Aperture nor- 
mal, that is, we have the inner and outer lip practically parallel with 
a deep sinus at the posterior angle and a channel anteriorly. The 
color pattern of this cone is strikingly beautiful. The spire has a 
yellowish orange base with stretches of flesh color as a background. 
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It is axially marked by retractively curved brown streaks, which may 
be straight, curved, or zigzag. Anterior to the shoulder there is a broad 
band of ochraceous buff. This band covers about one-fifth of the 
distance between the shoulder and the tip of the columella anterior to 
the shoulder. It is separated by a moderately broad white zone from 
another broad band of the same color and width as that at the shoulder, 
which in turn is followed by a band about two-thirds as wide as the 
last mentioned of flesh color. The rest of the side grades from a little 
lighter than the two dark bands just mentioned to flesh color with an 
ochraceous flush. In addition to these major spiral dispositions of 
color the shell is marked by interrupted spiral bands of dark chestnut 
brown. The elements composing these vary considerably in size, and 
are best visualized by consulting our figure. Those covering the 
dark band immediately below the shoulder are heavier and are con- 
tinuous with the dark axial zones on the spire and are almost confluent 
axially. The interior of the aperture is flesh-colored with a decidedly 
pinkish tinge, the dark pinkish flush coinciding with the darker bands. 

The type, U.S.N.M. no. 472849, has 13 whorls and measures: 
Length, 100 mm; greater diameter, 47.5 mm. It was collected on a 
reef at Tarpon Springs, Fla. A paratype is in the collection of 
Mrs. Helen Vatikiotis. It is named for Mr. Vatikiotis, its discoverer. 


FUSINUS HELENAE, n. sp. 
Plate 1, figs. 4-5 


Shell moderately large, fusiform, with the basal portion of the 
shell only a bit shorter than the length of the spire. The tip and early 
postnuclear whorls are pale chestnut brown, the rest of the shell is 
flesh-colored with the axial ribs rust-stained. The base and columellar 
portion also have rusty staining. Nuclear whorls a little more than 2, 
the first 1.5 turns smooth, inflated, strongly rounded, the succeeding 
part marked by almost vertical axial ribs. The early postnuclear 
whorls are marked by strong, low, broad axial ribs which are sepa- 
rated by equally impressed spaces of about the same width. Of these 
ribs, about 10 occur upon each of the first 5 turns, after which they 
become less conspicuous and less regular and quite inconspicuous on 
the last whorl. In addition to these, the whorls are marked by spiral 
cords, of which 5 are present on the first 3 postnuclear turns, after 
which they increase by intercalation, 25 varying in strength from mere 
threads to rather strong keels being present between summit and 
periphery on the last turn. Base short, strongly rounded. Columella 
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very long and spindle-shaped, somewhat sinuous and marked by incre- 
mental lines and rather weak spiral threads. Aperture narrowly oval 
in its major portion with a long, sinuous canal basally, the posterior 
angle is acute, outer lip thin, rendered slightly denticulated by the 
axial threads; inner lip thin and appressed to the columella. 

This type, U.S.N.M. no. 472850, has 9.6 whorls and measures: 
Length, 50.4 mm; greater diameter, 14.7 mm. 

I take pleasure in naming this for Mrs. Helen Vatikiotis. 
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1-3, Conus sosoni. 4, 5, fusinus helenae. 


All figures are natural size except 4, which is much 
enlarged to show the character of the tip. 
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Dae -SUNSPOT PERIOD 


By Hi.) HELM CLAYTON 


(WitH ONE PLATE) 


PREFACE 


The objects of this paper are: 

1. To show that the smoothed plus and minus annual departures 
from normal pressure observed in the earth’s atmosphere are dis- 
placed in position in unison with variations in intensity of sunspot 
‘maxima. 

2. To show that the annual sunspot numbers may be resolved into 
a number of regular periods of constant length and amplitude which, 
when combined, make the irregular sunspot period and permit fore- 
casting, with reasonable accuracy, the dates of maxima and minima 
of sunspots and the intensity of the maxima. 


ATMOSPHERIC PRESSURE AND THE SUNSPOT PERIOD 


Atmospheric pressure is subject to large fluctuations of short period, 
especially in high latitudes. In order to study long-period oscillations 
like those of sunspot numbers, it is necessary to smooth out the short- 
period fluctuations, just as it is necessary to smooth out the wind- 
driven waves in the ocean in order to study the tides. 

This smoothing is frequently done by numerical averaging. Such 
averages block out the oscillations of short period but do not eliminate 
long-period trends in the data nor oscillations much longer than the 
ones it is desired to study. Smoothing by harmonic formulas is there- 
fore believed to be the best method, because by such smoothing one 
can eliminate oscillations which are much longer as well as those which 
are much shorter than those which it is desired to study. 

The type of harmonic formula used for this purpose is as follows: 
GEG las Londo. & oes In_1 be observed values which are associated with 
equidistant values of some argument, say time; then the single 
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periodic terms, namely, coefficients of a sine curve drawn through the 
observations, may be represented by the trigonometrical formulas: 





L=A,.+A, cos ¢+8B, sin ¢, (1) 
in which 
3 ‘ 
Aes (2) 
n 
Si coc 4 
een eae 7 (3) 
—n 
2 
Soci ; 
Be asin ¢ ’ (4) 
—n 
2 
aN 
ee =—tan 6, (5) 
suai A 
a N/E i z 
a= VAP Be a (0) 
60° 
g= 2, (7) 


it) 


where 6=angle of the epoch, namely, the angular distance from zero 
to the part of the sine curve at the beginning of the period, and a= 
amplitude, while 7» =number of terms used. 

The method of computation is shown in table 1. In this table the 
normal monthly temperatures at New York, derived from 50 years 
of observations, are used, and the coefficients of a sine curve passing 
through them are computed. From these coefficients, monthly values 
are then computed and are given at the bottom of the table. It is 
seen that these differ very little from the observed values, showing 
that these observed values follow very nearly a sine curve. 

The computed values for each month may, however, be obtained 
in a different way, as shown in table 2. In this table the normal 
monthly temperatures at New York are multiplied by the cosine values 
given in column 3 of table 1. The cosine values are slipped down 
I month at a time, and the sum of the products in each case divided 
by 6 gives the value on a sine curve for the month in which the cosine 
value is unity. 

For example, in the first column of products the cosine is unity in 
January and the sum of all the products divided by 6 is —21.7, the 
same as the computed value in table 1 when Aj=o. In the second 
column of products the cosine unity is placed in February, and the 
sum of the products divided by 6 is —20.7; and so on successively 
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for each month. These are nearly identical with the computed values 
in table 1 when 4,=0. The small differences that exist are accounted 
for by the fact that the cosine factors were only taken to two or three 
decimals instead of to four or more. The successive values are thus 
equivalent to those of moving means except that the smoothing is 
done by harmonic terms instead of numerically. 


TasLe 1.—Example computation by harmonic formula 














Cycle of 360° Temperatures— 
divided into Sine Cosine Normal monthly tempera- : peek ere 
12 parts values values tures, New York ® By sine By cosine 
ot SELON values values 
(1) (2) (3) (4) (5) (6) (7) 

Onn eae 0.00 1.00 Janay eee 30.6 0.0 30.6 
BO me rect 0.50 0.866 iRiebruanyser eee 30.5 15.3 20.4 
OE fess ocer 0.866 0.50 Mai chee ee 38.0 32.9 19.0 
OO nee 1.00 0.00 PACD Istaria ena 48.5 48.5 0.0 

20 cee: 0.866 —0.50 Midivarrica ernie 50.4 51.4 —20.7 
MS O vase ctees 3% 0.50 —0.866 /itimemeriercae ose 68.5 34.3 —50.3 
ROOM eas a 0.00 —1.00 italy sek cy eae FBS 0.0 —73.5 
PTOsee a ie. —0.50 —0.866 INDIE goodocuc 72a — 36.1 —62.4 
DINO” Sa oceee —0.866 —0.50 September ...... 60.4 —57.5 — 33.2 
2 Opener ae: — 1.00 —0.00 OWNS? sénccse 55.8 —55.8 0.0 
BOOM cust ois —o0.866 0.50 November ...... 44.1 — 38.2 22.1 
B30 weet aii —0.50 0.866 December ...... 34.3 —17.2 20.7 
Sumpeen: 0.00 0.00 et —22.4 —I130.3 
Monthly values computed from @ and a 
Jan. Feb. Mar. Apr. May June 
Om ANo—O) sted. cis ac —21.7 —20.7 —I4.1 —3.8 76 17.0 
KienAg=S1:8> se.accsss 30.1 Bier 27 ar 48.0 59.4 68.8 
July Aug. Sept. Oct. Nov. Dec. 
JRO AVi—=1 0), a 21.7 20.7 14.1 3.8 —7.6 —I17.0 
HOGA G 58) ities cross « 73.5 FOS 65.9 55.60 44.2 34.8 


4 Mean of 51 years, 1873-1923. 

130.3 
22.4 
# = epoch; a = amplitude; Ap = 51.8 = Mean for year. 


a = WV (22.4)? + (430.3)2 = 22.04; tan 6 = = has CS Wi 


The same results are obtained by the correlation formulas as is 
shown by the computations in table 3. 

A cosine curve has the form exhibited in figure 1. Observed data 
are multiplied by a cosine series representing such a curve and the 
process repeated step by step, adding one unit of time and dropping 
one. If the length of the cosine series is near the length of any period 
which may exist in the observed data, that period will stand out 
prominently. The process eliminates periods of much smaller and 
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TABLE 3.—Harmonic terms computed by correlations 


(1) (2) (3) (4) (5) (6) 
y = tempera- 
x = cosine ture de- xy = prod- 

Month values partures uct a x? 
Niulyaeerat ee sar... 1.00 217, 217, 1.00 471 
tiousty occ it ers 866 20.3 17.6 75 412 
September ......... .50 14.6 78 25 213 
October Seussieecsns .00 4.0 .0 .00 16 
November... ..-- —.50 —7.7 3.8 PE 130 
December oiss. cae —.866 —17.5 TG 75 306 
Jeniteine Seaccoesuae —1.00 —21.2 21.2 1.00 449 
INE DIEIAY suooosnoee —.866 —21.3 18.4 rT 454 
Mia clilgisysqiters se ciess —.50 —13.8 6.9 25 190 
PN) Sallemetsiecegens.s sarevcin/ she's .00 —3.3 .O .00 44 
IWitcayaaes yoke eesrere. Wem sete .50 7.60 3.8 25 134 
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Correlation coefficient r = pean =e 0.95 
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Notr.—a = ratio of the observed values to a cosine series having plus unity.in July and 
minus unity in January. 
much greater lengths than the cosine series and shows no consistent 
period of any length when treating random data. 

For example, if we multiply the monthly mean temperatures at 
New York City by a cosine series of 12 terms, beginning with any 


1:0 
0-0 


- 1-0 


Fic. 1.—A cosine series. 


given month, and repeat the process month by month, adding 1 month 
and dropping 1, taking the mean values in each case, the results will 
show regular periodic oscillations of 12 months in length. The mean 
is obtained by dividing the successive sums by $n, m being the number 
of terms used. The time is taken at the middle of the series. Figure 2 
shows a plot of the annual period in temperature at New York ob- 
tained in that manner from 1927-1929. This plot shows that the 
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annual period in temperature at New York is approximately constant 
in phase from year to year and nearly constant in amplitude. 

If next a trial for shorter periods is made, it is found that when 
a cosine series of 24 terms is multiplied by the observed hourly 
temperatures, a period of 24 hours stands out prominently. Figure 3 
shows the daily period in temperature obtained from hourly observa- 
tions of temperature at Blue Hill Observatory, near Boston, Mass. 
This plot shows that the maxima and also the minima of temperature 
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Fic. 3—Hourly temperatures at Blue Hill, smoothed harmonically. 


occur near the same hours every day, but that the period is very 
variable in amplitude. Further research shows that this period occurs 
only in the lower atmosphere and that the oscillations are large when 
the sky is clear and small when there are dense clouds. Hence, its 
variability in amplitude is closely related to moisture and cloudiness. 

Yearly means of atmospheric pressure, when treated in the same 
manner, show clearly defined oscillations of 10 to 12 years. In figure 4, 
the result of analyzing the pressure at Stykkisholm, Iceland, with a 
12-term series is shown by a continuous line and is compared with a 
plot of yearly sunspot numbers shown by a dotted line. 

The sunspot curve shows a fairly regular period which averages 
about If years, but varies in length and amplitude. 
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The curve for Stykkisholm is an interesting type. In 1870 and 
again in 1917, it shows maxima which coincide with the sunspot 
maxima while from 1875 to 1909 the oscillations are the reverse of 
the sunspot oscillations. Here then is a period whose maxima and 
minima coincide approximately in time with those of the sunspots 
but invert in phase from time to time. In the Bulletin of the American 
Meteorological Society for July 1938, page 218, it was shown that 
this inversion in phase was caused by a change in latitude of the 
departures from normal pressure with an increase of solar activity 
(see fig. 5). To obtain the lines of equal departure shown on these 
charts the pressures at more than 200 stations were smoothed in 
the same way as those of Stykkisholm. 

However, the atmosphere does not oscillate back and forth between 
the centers of plus and minus departures with a fixed zero line 
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Fic. 4.—Smoothed annual pressures and sunspot numbers. 


between them, as might be thought on examining the charts in figure 5, 
but there occurs a gradual shift of the centers of excess and defect of 
pressure. This process is illustrated by the curves in figures 6 and 7. 
It is seen from the first series of curves in figure 6 that, at the time 
of sunspot maximum in 1917, a barometric maximum existed in high 
latitudes over the North Atlantic, as shown by the pressures at Jacobs- 
havn and at Stykkisholm. At stations farther south this maximum 
occurred successively later, until in the latitude of Madeira the pres- 
sure oscillated nearly inversely to that of the sunspots. The same 
conditions apparently occurred in the North Pacific, as shown by the 
second series of curves in figure 6. The stations are situated near the 
Pacific Coast of North America. At Tanana the maximum of pres- 
sure occurred nearly at the time of sunspot maximum, but came 
successively later at lower latitudes, until at San Diego the curve is 
nearly inverse to the sunspot curve. 

On the other hand, over low latitudes on or near the central conti- 
nental masses of North America and Asia a minimum of pressure 
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Fic. 5.—Atmospheric pressure at maxima of sunspots, 1906, 18093, 1917. 
: (Units 0.01 mm. 
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occurred about the time of sunspot maximum and apparently moved 
northward, at least as far as latitude 40°—50°. This condition is shown 
by the third and fourth series of curves in figure 6. 

At the time of the less intense solar maximum of 1906 the maxima 
of pressure were found in latitudes 40°—50° N. over the oceans as 
shown in figure 5 and apparently moved from west to east, figure 7. 
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Fic. 7.—Sunspot maximum of 1906 and atmospheric pressure. 


Hence, not only the positions of the areas of excess and defect of 
pressure are determined by the intensity of solar activity, but also the 
direction of the subsequent movement of these areas. The names 
baroplions and baromions have been suggested for these areas. 

A cosine series used in the way described above does not necessarily 
give a period of its own length. If the monthly mean temperatures 
at New York had been analyzed by a cosine series of I1 terms covering 
11 months instead of 12, the resulting curve would have been exactly 
the same as that shown in figure 2, except that the amplitude would 
have been somewhat reduced. The same is true had the cosine series 
contained 13 terms covering 13 months instead of 12. In each case 
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the period shown would have been exactly the 12-months’ period 
which exists in nature. The ordinary process of harmonic analysis 
gives the elements of a fixed period which is assumed in advance, but 
the process described above gives any period which may exist in the 
data near the length of the assumed period. The true length of the 
period is determined by the average length of the interval between the 
maxima and minima shown by the analysis. 

In the case of cosine analysis of random data the maxima and 
minima occur at irregular intervals and the average amplitude approxi- 
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Fic. 8—Some random data, smoothed harmonically. 
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Fic. 9.—A sequence of 5 cosine curves. 


mates zero. A plot of a series of random numbers smoothed har- 
monically is given in figure 8. These were treated by the same method 
as were the monthly temperatures at New York (see fig. 2) and the 
yearly pressures at Stykkisholm (see fig. 4). The curve in figure 8 
shows large oscillations but no evidence of periodicity. 

When evidence of periodicity is found it can usually be separated 
from random oscillations by obtaining means of three, five, or more 
successive periods. 

In case the amplitudes of the periodic terms are relatively small, it 
is desirable, in order to bring out the periodic term clearly, to repeat 
the cosine series several times consecutively. When plotted, these 
successive series have the form of waves, as shown in figure 9. 

Observed data are multiplied by such a series of 3, 5, or 10 waves, 
mean values are obtained, and the process is repeated by dropping one 
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unit of time and adding another. In this way, whenever there is a 
period in the observed data near the period of the cosine waves, it is 
separated from chance variations and from periods of other length so 
as to stand out prominently in a plot of the results of the computa- 
tions. The numerical work is like that shown in column 7 of table 1 
repeated several times consecutively, or else the values are treated as 
shown in table 3. In this table column I contains the numbers which, 
when plotted, form a curve iike that in figure 9. These numbers are 
then correlated with numbers representing sunspots, solar radiation, 
atmospheric pressure, or other physical quantity. If the correlation 
is sufficiently high, a period of the approximate length of the cosine 
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Fic. 10.—Eleven-month period in solar radiation and sunspots. 


waves in column I is indicated. Then, if successive values of a 
(commonly called the regression coefficient) are computed, the num- 
bers when plotted give curves like that shown in figures ro and 11. In 
other words, whether the data are treated by the harmonic formulas or 
by the correlation formulas, the same results are obtained. Since the 
correlation formulas are in general use, it will perhaps be easier for 
most readers to understand the problem as one of correlation. Physi- 
cists to whom I presented the method understood it better in that way. 

The monthly mean values of solar radiation obtained by the Astro- 
physical Observatory of the Smithsonian Institution were treated in 
this manner, and the results are plotted in three curves a, b, and ¢ in 
figure Io. : 
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Curve a was obtained from 5 consecutive cosine waves, each cover- 
ing 10 units of time, curve b from 5 consecutive cosine waves, each 
covering II units of time and curve c from 5 waves each covering 
12 units of time. 

Each curve shows recurrent maxima and minima at intervals of 
about 11 months. Hence, it is evident that the length of the cosine 
series does not have to be exactly of the same length as the hidden 
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Fic. 11.—Eight-month period in solar radiation and sunspots. 


period in order to disclose it, but only approximately of the same 
length. The cosine waves of 10 units of time do not produce a 
1o-months’ period, and the series of 12 does not produce a 12-months’ 
period. 

When the monthly sunspot numbers from Zurich are treated in this 
same manner with an 11-term series, there are found oscillations 
similar in length and form to those found for solar radiation (see 
curve b’), but the oscillations are not quite so regular. The maxima 
of spots occur nearly at the same time as the maxima of solar radiation. 
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The monthly means of solar radiation and the monthly sunspot 
numbers were next multiplied by a cosine series of five waves each 
of eight terms; the resulting means, when plotted, give curves like 
those shown in figure Ir. Both curves show a period of about 8 
months during the years 1920-1929. The maxima in the two curves 
differ slightly in time, the solar radiation maxima being occasionally 
slightly behind and at other times slightly ahead of the spot maxima ; 
but in the average the two are simultaneous, the greater amount of 
solar radiation coming at the same time as the maxima of spots. 

These periods of about 11 months and 8 months are the same as 
those found by Dr. C. G. Abbot in the monthly means of solar radia- 
tion. In addition figures 10 and 11 show that there exist similar 
periods in the monthly sunspot numbers coinciding in phase with the 
solar radiation. 

These periods are not exactly 11 months,and 8 months in length. 
They appear to be about one-twelfth and one-sixteenth respectively of 
the sunspot period of 11.17 years or 134 months. 

The analogy nearest to the process described is found in the 
phenomena of sound. Certain physical objects, as for example, a taut 
wire, respond only to sound waves of one rate of vibration or to waves 
near that length. If waves of increasing length or rates of vibration 
are sounded, the object will begin to respond with vibrations when 
the key note of the object is approached and will show strong response 
when the key note is reached. Changes in physical state may thus be 
studied; a glass tumbler will emit one key note when it is empty 
and a different note when it is partially filled with water. 

In a similar manner changes in atmospheric conditions may be 
studied by a succession of cosine waves, such for example as the 
diurnal waves of temperature which have a large amplitude when the 
sky is clear and a lesser amplitude when it is cloudy. 

The method of computation described here in the search for hidden 
periodicities is slow and tedious, but efforts are in progress to perfect 
a machine which will do the work more rapidly and more accurately. 
The machinery consists of a Coradi harmonic analyzer, and a Fergus- 
son universal pantograph which permits changing the horizontal time 
scale to fit the analyzer without changing the vertical scale of quantity. 
In this manner any series of harmonic waves of whatever length may 
be mechanically integrated and the plot advanced step by step until 
the entire curve is covered. ' 

Observed data are analyzed with this mechanism and the results, 
when plotted, disclose any hidden periodicity near the length of the 
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cosine series of harmonic waves. Plate 1 shows a photograph of 
these instruments arranged for use. 

Analysis by this method brings out the hidden periods both in 
length and amplitude and discloses any changes which take place in 
phase or amplitude. 


ANALYSIS OF THE SUNSPOT NUMBERS 


The sunspot period is one of those periods in nature which vary 
in length and in intensity. The question arises whether these varia- 
tions are capable of being analyzed into a number of regular periods 
which can be extended into the future, as are the tidal fluctuations, or 
whether the sunspots are due to irregular explosions in the sun which 
cannot be resolved into regular periods. 

To test this question, the sunspot numbers published at Zurich were 
subjected to an analysis by the method outlined in the preceding pages. 
The method was applied to the sunspot data in order to see whether 
they could be analyzed into regular periods of different lengths which 
could be used to predict the times and intensity of maxima and 
minima of sunspots. The results are very encouraging. 

The first analysis indicated a fundamental sunspot period of 11.35 
years which was modified by other periods, several of which tend to 
coincide with the fundamental period every 68 years. 

In obtaining these periods, all the sunspot data from 1749 to 1936 
were used. The data preceding 1793 were, however, meager and are 
given little weight by the directors of the Zurich Observatory, who 
are responsible for the collection. Beginning the analysis with the 
more trustworthy data in 1793, the fundamental sunspot period 
becomes 11.17 years. 

The length and amplitude of the secondary periods in sunspots 
were determined in two ways, first, directly from the observed annual 
means ; and, second, from the residuals after determining the average, 
or normal value, for each year of the 11.17-year fundamental period 
and subtracting these normals from the observed data, thus approxi- 
mately or entirely eliminating the influence of that period. 

These secondary periods have an amplitude much less than the 
fundamental period, but the amplitude increases as the length of the 
period approaches that of the fundamental period. The periods of 
9.93 and 11.9 have amplitudes nearly half that of the fundamental 
period. 
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The length and amplitudes of the periods found were as follows: 


TABLE 4—Sunspot periods by harmonic analysis 
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It is believed that this method of analysis gives the lengths and 
amplitudes of these periods with more accuracy than has been attained 
heretofore, but it is of interest to compare the results with the periods 
derived by other methods of analysis by various research workers. 
This comparison is given in table 5. 


TABLE 5.—Length of sunspot periods in years found by various research workers 
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The analysis of Schuster and Stumpff was made by means of the 
Schuster periodogram, the analysis by Alter’ was derived from the 
correlation periodogram, and the analysis by Douglass * was made with 
an ingenious instrument which he calls a cyclogram. 

It is interesting to note how well these periods by different workers 
agree with each other, especially the periods between 8.1 and 14.9 
years. The most marked discrepancy is in the periods of about 12 to 
13.5 years, but here there are probably two periods, one of I1.9 years 
and another of about 13 years. It is also of interest to note that most 
of them are near submultiples of a period of about 89.36 years, a 
period which is shown in tables 6 and 7 and in figure 12 to give very 
closely the sunspot maxima and minima for more than 300 years. It 
seems clear that 1f there are a number of periods combining to make . 


* Alter, D., A new analysis of sunspot numbers. Monthly Weather Rev., 
vol. 56, p. 399, Oct. 1928. 

* Douglass, A. E., A study of cycles, p. 129. Carnegie Inst. of Washington, 
1936. 
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the yearly sunspot numbers, then these periods are approximately 
of the length and amplitude given in table 4. 

From scattered observations of sunspots in the past three centuries 
a table was made at the Zurich Observatory by Wolf and Wolfer 
giving the approximate time of maxima and minima of spots from 
1610 to the beginning of regular observations. 

In order to test whether a period of 89.36 years could be used in 
determining the dates of these maxima and minima, going backward 
from observed maxima and minima between 1856 and 1933, tables 
6 and 7 were constructed. Table 6 gives the computed and observed 
minima of spots, and table 7 gives the computed and observed maxima 
of spots. 
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Fic. 12.—Sunspot numbers forecasted and observed. 


Only a few of Wolfer’s estimated dates of minima and maxima of 
sunspots from 1610 to 1850 differ greatly from the computed values 
given in the table, and these few were not assigned a weight exceeding 
2 ona scale of 10 in Wolfer’s table. 

The next step was to try how nearly the 89.36-year period could 
be used in forecasting recent sunspot periods. Beginning with the 
minimum of 1798, for which a weight of 8 on a scale of 10 was: 
assigned in Wolfer’s table, the sunspot numbers were projected for- 
ward 89.36 years in time and compared with observed values. This 
comparison is given in figure 12. It will be seen from this figure that 
the projected curve, shown by the dotted line, gives a good forecast 
of the dates of observed maxima and minima of sunspots, shown by 
the full curve, for the interval of 55 years, 1883-1937, and gives an 
approximation to the intensity of the maxima, excepting the one in 
1928. From this showing it is a reasonable inference that a similar 
accuracy can be obtained for 89.4 years in the future. 

The dotted curve is projected forward to 1950 and indicates the 
next minimum of sunspots in 1945 and the next maximum in 1949. 
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This forecast is evidently more accurate than simply projecting each 
maximum and minimum 11 years ahead as it occurs. 

A still more accurate forecast probably can be made by a separate 
combination of all the periods. This combination will be tried when 
the amplitude and phase of each period are determined with the 
greatest accuracy possible from existing data. 


TABLE 6.—Sunspot minima 


Computed Wolfer’s 
estimated dates 
Observed 89.36 178.72 268.08 of occurrence 
minima years years years 
Date — Date Date Date Date Date Date 


1933.8 1844.4 1755.1 1665.7 1843.5 1755.2 1666.0 
1923.6 1834.2 1744.9 1655.5 1833.9 1745.0 1655.0 
1913.6 1824.2 1734.9 1645.5 1823.3 1734.0 1645.0 
IQOI.7 1812.3 1723.0 1633.6 1810:6,.. - 1723-5 1634.0 
1889.6 1800.2 1710.9 1621.5 1708.3 1712.0 1619.0 
1878.9 1780.5 1700.2 1610.8 1784.7 1608.0 1610.8 
1867.2 1777.8 TOSS:50  heees 1775.5 1680:5" 7 aac 
1856.0 1766.6 1677-3) 0 eee 1766.5 1670:5) | | aeeee 


TABLE 7.—Sunspot maxima 





Computed Wolfer’s 
A estimated dates 
Observed 80.36 178.72 268.08 of occurrence 
maxima years years years 
Date Date Date Date Date Date Date 


1928.4 1839.0 1740.7 1660.3 1837.2 1750.3 1660.0 
1917.6 1828.2 1738.9 1640.5 1829.9 1738.7 1649.0 
1906.4 1817.0 W277, 1638.3 1816.4 1727.5 1630.5 
1894.1 1804.7 1715.4 1626.0 1805.2 1718.2 1626.0 
1883.9 1704.5 1705.2 1615.8 1788.1 1705.5 1615.5 


1870.6 1781.2 TOO eer 1778.4 TOO3'0) te race 
1860.1 1770.7 TOSICAh) Derg iantese 1769.7 TOSSOcm yp nee 
1848.1 1758.7 LOGO!4 are 1761.5 1675.0), vise 


In view of the fact that the sunspot period is becoming important 
in numerous fields of scientific activity, much significance attaches to 
the forecasting of the time and intensity of the maxima and minima. 


Prof. S. P. Fergusson made the necessary adjustments and modi- 
fications of the instruments illustrated in plate 1, and Miss M. I. 
Robinson assisted in the computations needed in the preparation of 
this treatise. 
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THE EMBRYOLOGY OF FLEAS 


By EDWARD L. KESSEL 
University of San Francisco 


(WirH 12 PLATES) 


INTRODUCTION 


Aside from its general scientific aspects, the study of flea embry- 
ology is of interest from two particular standpoints. In the first place, 
such an investigation has been needed to extend our knowledge of the 
pulicine life cycle. Hitherto the embryological phase of this cycle has 
been neglected in spite of the fact that its other aspects have received 
considerable attention. A careful search of the literature reveals only 
five contributions to the subject of flea embryology, and they are all 
brief and fragmentary. In some cases the claims made therein have 
been found to be erroneous in the light of the present study. These 
discrepancies are doubtless due to the difficulties involved in the tech- 
nique of preparing the eggs for successful observation. 

Weismann (1863) was the first to undertake an investigation of the 
development of the flea in the egg stage, but he dismisses the subject 
with a single page of his lengthy paper which is otherwise concerned 
with the embryology of Chironomus and Musca. He chose the dog 
flea, Ctenocephalides canis (Curtis), as the species for his considera- 
tion and reports that in the egg of this form “although the chorion 
is not exactly opaque it does not allow observation of the finer details, 
which, to be ascertained accurately, require a well related series of 
observations. Yet it mocks at every attempt to remove it without 
injury to the yolk membrane.’’ Weismann concludes, therefore, that 
the egg of the flea is not favorable for embryological study. 

The second worker to publish on the subject of flea embryology was 
Packard (1872). He used the eggs of the cat flea, Ctenocephalides 
felis (Bouché), although, believing like other workers of his day that 
cat and dog fleas constituted a single species, he titled his discussion 
“The Development of Pulex canis.” Like Weismann, he was forced to 
restrict his studies to superficial observations inasmuch as the section 
method of investigation was not well developed. 

Balbiani (1875) was the third to attempt to work out the early 
ontogenetic development of fleas. He followed Packard in the use 
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of cat flea eggs and observed that in them the chorion is more trans- 
parent than in the ova of other siphonapteran species. He recognized 
the inadequacy of the study of whole eggs, for he says in this paper, 
“The delicate question of embryology can only be studied with profit 
by the sectioning method, but the egg of the flea is too small to bear 
this mode of investigation.” Balbiani can scarcely be blamed for 
reaching this conclusion when the small size of cat flea eggs is con- 
sidered together with the fact that at that time no insect eggs had been 
sectioned with any degree of success. Considering the absence of 
efficient microtomes and biological stains, necessitating the limited 
methods of research employed by Balbiani and his two predecessors in 
the investigation of flea embryology, the results which these pioneers 
obtained must be admired. Although obviously superficial, as well as 
inaccurate in some instances, the papers of these first students of 
flea development are, nevertheless, definitely superior to those of the 
two writers on this subject who followed them and who had many of. 
the technical advantages of modern equipment. 

The first one to utilize the section method in studying flea eggs was 
Tikhomirowa (1890). This paper is not available to the writer, but 
a review of the main points given therein is presented by its author 
in another of her papers (1892) which deals with the development of 
Chrysopa. For the most part her conclusions regarding flea develop- 
ment are inaccurate. 

Strindberg (1917) was the second to apply the section method to 
the investigation of pulicine embryology. His brief paper is concerned 
only with the intermediate developmental phases of Archeopsylla 
erinacet (Bouché). Concerning the other periods he says: “The 
early embryonic stages scarcely present worthwhile observations.” 
“The later embryonic stages do not show anything worthy of note 
and therefore are not taken into account.’”’ A critical examination of 
this author’s statements necessitates the conclusion that his material 
was very inadequate. 

The second respect in which the study of flea embryology is of 
particular interest is that which is concerned with its application to the 
phylogenetic position of the Siphonaptera. A study of the literature 
suggests that there has been more speculation on the subject of the 
affinities of the fleas than of any other insect order. This interest in 
the natural relationships of fleas seems to have been the chief stimulus 
which has prompted previous investigators to undertake studies of 
their development, for their papers include discussions of the racial 
origin of these insects. While accurate comparative embryological 
observations are invaluable in the solution of phylogenetic problems, 


NO. 3 EMBRYOLOGY OF FLEAS——-KESSEL 3 


it must be recognized that much of the past work in the field of insect 
embryology is inaccurate. This is evidenced by the distinctly opposite 
interpretations which frequently have been given by workers on the - 
same species. In view of this fact it is inadvisable for the writer to 
attempt a phylogenetic application of the present observations until 
he has personally investigated the embryology of those forms which 
are suspected of being most closely related to the Siphonaptera. Only 
then can it be certain that the same methods and interpretations have 
been applied to the different subjects and that the comparisons are 
worthwhile. 


SPECIES 


The observations made during this study indicate that the embryo- 
logical development of all fleas is essentially the same. Except for 
such superficial characteristics as size, nature of the chorion, and the 
number of micropyles, the corresponding stages of the eggs of dif- 
ferent species appear to be identical. This was shown by making 
careful studies on the development of three species of diverse system- 
atic positions. These included Ctenocephalides felis (Bouché), the cat 
flea; Nosopsyllus fasciatus (Bosc.), the common rat flea of temperate 
regions ; and Hystrichopsylla dippiei Roths., a giant form which lives 
in the nests of the wood rat Neotoma. 

Following the classification of Oudemans (1909), the order Siphon- 
aptera is divided into two suborders on the basis of the presence or 
absence of a dorsal suture on the head. Fleas which possess such an 
incrassation are placed in the suborder Fracticipita, while those which 
lack it constitute the suborder Integricipita. If this division is a 
natural one based on true relationships, the choice of the three species 
used in this study is valid. Ctenocephalides felis and Nosopsyllus 
fasciatus belong to the Integricipita, while Hystrichopsylla dip piei is 
classed in the Fracticipita. 

In contrast to Oudemans’ system, many authors, including Ewing 
(1929), consider that the subdivision of the Siphonaptera into these 
two groups is artificial and unwarranted owing to the number of 
intermediate forms in which it is difficult to determine whether or not 
a dorsal suture is present, and also because of the lack of sufficient 
correlating characters. These authors prefer to follow the classifica- 
tion of Baker (1905) which regards the Siphonaptera as a compact 
group and, accordingly, divides it directly into families. Based on 
this classification, the choice of species for this study is again found 
to be a satisfactory one inasmuch as the three forms selected belong 
to three different families. Ctenocephalides felis represents the Puli- 
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cidae, Nosopsyllus fasciatus the Dolichopsyllidae, and Hystrichopsylla 
dippiet the Hystrichopsyllidae. Moreover, these three families to- 
gether contain over 80 percent of the total number of genera belonging 
to the order. The three subject species used in this study must be 
regarded, therefore, as a valid representation for the Siphonaptera 
as a whole. 


EGG SOURCES 


Ctenocephalides felis proved to be the most prolific of the three 
species studied. The eggs of this flea were collected from a cat’s 
sleeping blanket by means of a camel’s hair brush. 

Nosopsyllus fasciatus eggs were obtained from a pure culture of 
this species reared on white mice by the methods described by Leeson 
(1932). Gravid females were confined in voile-capped vials until they 
had oviposited. It was found that these imprisoned insects lived 
longer and deposited more eggs if a piece of cotton was placed in the 
vial with them. 

The eggs of Hystrichopsylla dippiei were obtained either from the 
nests of wood rats or from gravid females taken from such nests. 
Because the eggs of this species are so much larger than those of 
the several other forms which inhabit Neotoma nests, there was no 
danger of mistaken identity. 


AGE DETERMINATION 


In order to determine the developmental age of embryos in terms 
of days, cat flea eggs, newly laid by females imprisoned in vials, were 
incubated under a constant temperature of 25° C. and a relative 
humidity of 79 percent. Relatively few eggs were incubated in this 
manner; these were used as standards and the others studied were 
interpolated into the series in their proper places. As no attempt was 
made to obtain Nosopsyllus fasciatus and Hystrichopsylla dippiet eggs 
of accurately determined incubation age, the developmental stages of 
these species were compared to known ones of Ctenocephalides felis. 


MICROTECHNIQUE 


In the preparation of whole mounts of Ctenocephalides felis em- 
bryos, dechorionation was facilitated by heating the eggs at 90° C. 
for a few minutes. The heat served to coagulate the yolk so that it 
drew away from the chorion, thereby providing a working space 
between the shell and the vitelline membrane. The resulting solidifica- 
tion of the vitellus was a further advantage because a yolk so hardened 
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does not rupture easily. The relatively thin chorion of the cat flea 
egg was an added factor in making dechorionation in this species a 
simple matter. This membrane collapses as soon as it is punctured and 
is thereafter quite easily removed under the binocular by dissecting 
it away with a fine pointed needle. 

Because the eggs of Nosopsyllus fasciatus and Hystrichopsylla 
dippiet have thicker shells and therefore do not ordinarily collapse 
when punctured, a different procedure was necessary for the removal 
of their chorions. After heating, the surfaces of these eggs were 
dried thoroughly with blotting paper and they were immersed in 
liquid paraffin on a glass slide. When the paraffin had hardened, a 
series of needle punctures was made completely around the egg 
through both the paraffin and the chorion. Next, the adjacent punc- 
tures in the paraffin were connected and the paraffin cap, thus formed, 
was removed. Finally, the punctures through the exposed chorion 
were connected and the upper surface of this shell was removed in one 
piece. The shrunken vitellus with its attached embryo was lifted 
through the resulting opening by means of a minute spatula. De- 
chorionated eggs were fixed in Bouin’s picro-formol-acetic fluid, 
stained with alcoholic borax-carmine, destained in 70 percent acid 
ethyl alcohol, cleared in cedar oil, and mounted in xylol-balsam. 

Eggs used for sectioning were neither heated nor dechorionated. 
However, owing to the impermeability of the chorion, this membrane 
was punctured before fixation. Puncturing was done in the same 
Bouin’s fluid which was to serve as the fixing reagent. Several punc- 
tures were made in each egg. Tertiary butyl alcohol, as recommended 
by Johansen (1935), was used for washing and dehydration. Im- 
bedding was accomplished by a combination technique involving 
modifications of two previously used methods. These were Boycott’s 
well-known paraffin-celloidin technique and Walls’ (1932) adaptation 
of the hot-celloidin process to animal tissues. From absolute tertiary 
butyl alcohol, the eggs were placed in a 2 percent solution of celloidin 
dissolved in ether-alcohol. Infiltration was done in small glass tubes, 
3 mm. in diameter. These were cut into short lengths and closed at 
one end. Such infiltration bottles, containing the eggs in 2 percent 
celloidin, were placed, uncorked, in a metal cylinder capable of with- 
standing high pressure. After being sealed, this cylinder was placed 
in an electric oven with the temperature set at 60° C. where the heat, 
acting on the ether-alcohol solvent, provided the necessary pressure 
to force the celloidin into the tissue. After 24 hours the cylinder was 
removed from the oven, cooled, and opened. At this point the step 
from Boycott’s method was incorporated into the procedure. About 
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half of the 2 percent ether-alcohol celloidin was removed from each 
tube, and an equal amount of 3 percent celloidin dissolved in clove 
oil was added, after which the infiltration under heat in the pressure 
cylinder was continued for another 24 hours. Following this second 
period, the celloidin was gradually thickened by suspending a tiny 
piece of parlodion in the upper part of the solution, after which the 
pressure infiltration was carried on for another day. Such additions 
of parlodion were made daily until the solution reached the proper 
consistency for imbedding. 

Hardening of the celloidin blocks was accomplished by immersing 
the open infiltration tubes in chloroform for several days. It was 
important, however, that the contents of the tubes be thoroughly cooled 
before the hardening was begun. After hardening was completed, 
each tube was tapped with some hard object until its glass wall was 
cracked in several places. The resulting pieces of glass were carefully 
picked away from the celloidin, and the block was soaked in chloro- 
form until it ceased to float. 

The completely hardened celloidin block was infiltrated in paraffin 
preparatory to double imbedding. During this process the clove oil 
in the celloidin matrix was partially replaced by paraffin, thereby 
eliminating the possibility of the celloidin pulling out from its paraffin 
coating during sectioning. 

Because of the tendency of the celloidin matrix to warp during 
heating and drying, the following method for mounting the ribbons 
was used. The surface of the slide was first swabbed with a thick 
layer of albumen fixative. Good quality cigarette papers were cut in 
half longitudinally, and each half was laid on a flat surface and 
saturated with distilled water. The microtomed ribbon was cut into 
strips of the desired length, and these were laid in reverse order on 
the paper. More distilled water was then applied to the paper, and the 
resulting surface tension aided in pulling the ribbons out until they 
were fairly flat. Thereafter, the paper was lifted up with the sections 
adhering to it, reversed, and laid ribbon-side down on the albumen- 
smeared slide. The whole was immediately blotted with several thick- 
nesses of filter paper, a finger being rolled over this paper from one 
end of the slide to the other, thereby insuring direct contact between 
the sections and the slide at all points. Sections mounted in this 
manner were certain to be flat and therefore suitable for photographic 
purposes. 

Again, because of the tendency of the celloidin to warp, no period 
of drying was allowed following mounting. Instead, as soon as the 
cigarette paper was pulled away, leaving the ribbon adhering to the 
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slide, all traces of water were quickly wiped from the under surface 
of the glass, and the slide was passed directly into xylol. Absolute 
tertiary butyl alcohol was used following the removal of the paraffin 
by xylol because it was desired to keep the celloidin matrix intact, and 
this alcohol does not dissolve celloidin. 

In order to make certain that the sections would remain firmly 
attached to the slide during the staining process, a step was adapted 
from Galigher (1934) and introduced into the procedure at this point. 
This consisted of dipping the slide into a 1 percent solution of ether- 
alcohol celloidin and then passing it into chloroform to harden the 
film. Thereafter, the slide was transferred to 95 percent tertiary 
butyl alcohol for the beginning of hydration preparatory to aqueous 
staining. The lower alcohols used in the series were either tertiary 
butyl or ethyl solutions, inasmuch as the latter possessed sufficient 
water to prevent the dissolution of the celloidin matrix and protective 
film. It was necessary that dehydration following staining be com- 
pleted with tertiary butyl alcohols. 

Sections were stained by various methods, the combination of 
Delafield’s haematoxylin with Eosin Y as a counterstain being used 
for most of them. Mayer’s haemalum with a counterstain of Fast 
Green FCF, and Heidenhain’s iron haematoxylin with a counterstain 
of Eosin Y were also used to some extent. Heidenhain’s iron haema- 
toxylin was found unsatisfactory for the earlier stages because it 
colored the numerous yolk spheres so darkly that they dominated the 
entire picture and obscured both the cleavage nuclei and the tropho- 
neler (pli, fig. 13). 

Because the eggs used in this study were obtainable in such large 
numbers, it was possible to infiltrate and imbed them en masse, 
several hundred to a block. No attempt was made at orientation, and 
those sections which were cut at undesirable planes were ignored 


(pl. 4, figs. 39, 40). 


CHARACTERISTICS OF THE EGGS 


The eggs of fleas are regularly prolate-spheroidal in shape. Conse- 
quently, they do not possess any dorsoventral differentiation such as 
is exhibited by the ova of many other insects. When first deposited, 
the eggs of all three species of fleas considered in this paper are 
glistening white. There is a pronounced difference in the degree of 
their transparency, however. Those of Ctenocephalides felis are rela- 
tively transparent, those of Hystrichopsylla dippiei less so; those of 
Nosopsyllus fasciatus are the most opaque. While the eggs of all fleas 
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tend to become more opaque as they age, those of the cat flea are by 
far the most transparent at every stage of development. Color dif- 
ferences also become manifest as development progresses. The eggs 
of the cat flea remain relatively colorless, those of the other two species 
assume a cream color within a few hours after being laid. This colora- 
tion is retained by the eggs of Hystrichopsylla dippiei, but in the case 
of Nosopsyllus fasciatus the eggs often acquire a darker hue which 
sometimes approaches a reddish brown before hatching. These varia- 
tions in color and transparency are due primarily to chorionic differ- 
ences between the species, correlated with differences in egg size. A 
relatively thick chorion, combined with small egg size, makes an egg 
more opaque and darker in color. 

Of the three species here considered, the eggs of Hystrichopsylla 
dippier are much the largest, approximately 1.9 mm. in length and 
0.9 mm. in greatest diameter. Corresponding measurements for the 
two other species were 0.8 mm. and 0.4 mm. for Nosopsyllus fasciatus, 
and 0.5 mm. and 0.3 mm. for Ctenocephalides felis. 

The outer surfaces of most insect eggs are sculptured with a reticu- 
lum of slightly raised ridges which enclose polygonal spaces. These 
markings represent the imprints of the ovarian follicle cells which 
serve to secrete the chorion. In the eggs of Nosopsyllus fasciatus and 
Hystrichopsylla dippiet this sculpturing of the chorion is rather pro- 
nounced. However, in the cat flea egg it is scarcely perceptible, even 
when the egg surface is thoroughly dried after oviposition. The 
chorionic markings of this species are so indistinct that Balbiani 
(1875) characterizes the chorion of the cat flea egg as unsculptured. 
He says, “The rugose appearance, like scales, that the egg presents on 
its surface, is not inherent in this membrane as Leuchart thought, but 
is due to the coating that the egg receives at the moment of deposition.” 
Balbiani does not state what procedure he followed in reaching this 
conclusion, but it may be assumed that he failed to see markings on 
the chorionic surfaces of eggs dissected directly from the ovarioles. 
A failure of this type is attributable to the fact that as long as the 
chorion is wet its sculpturing is difficult to make out. This is true 
even in the case of Nosopsyllus fasciatus or Hystrichopsylla dippiei 
eggs in which the reticulations of the chorion are very evident when 
this membrane is dry. As cat flea eggs tend to collapse in a short time 
after they are dissected from the ovariole, it is probable that Balbian1 
examined the eggs before they had dried sufficiently to show the 
chorionic sculpturings clearly. The faint reticulations which may be 
seen on the chorion of the Ctenocephalides felis egg are without doubt 
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homologous to the sculpturings on the egg surfaces of other insects, 
representing the imprints of the cells of the follicular epithelium. 

In section the chorion of the cat flea egg appears as an extremely 
thin single membrane (pl. 4, figs. 39 to 42). By contrast, the chorions 
of Nosopsyllus fasciatus and Hystrichopsylla dip piet are considerably 
thicker. In the latter of these species this membrane appears as a 
rigid shell made up of two laminae which are united by countless, 
extremely slender, transversely arranged, supporting pillars (pl. 1, 
fig. 2). These two chorionic layers appear to correspond to the 
exochorion and endochorion which Blochmann (1887b) and Wheeler 
(1889) have described for certain other insects. 

In all of the three flea species studied, a second protective covering 
lies beneath the chorion. This is the yolk or vitelline membrane 
(pl. 6, fig. 53; pl. 11, fig. 79). It is thin in all species and, like the 
chorion, is noncellular. Its relative position in regard to the chorion 
and the yolk surface varies in different preparations, but as a rule it 
lies nearer to the latter in the younger stages. The vitelline membrane 
appears to be merely the attenuated limiting membrane of the develop- 
ing oocyte which has been secreted by the superficial protoplasm. It 
remains intact until the time of eclosion. 

Spermatozoa traverse the chorion and the vitelline membrane of 
insect eggs by means of micropylar openings. In flea ova these are 
arranged in two circular areas, one at each pole (pl. 1, fig. 1). These 
micropylar apparatuses have been observed previously in the eggs of 
Ctenocephalides felis by Balbiani (1875). The number of openings 
at the respective poles in the eggs of any one species is variable, but 
is always considerably greater at the anterior pole in any individual 
egg. Furthermore, the minimum for the anterior pole number is 
always somewhat greater than the maximum for the posterior pole 
number in the same species. Balbiani found that in the case of cat 
flea eggs the number of anterior micropylar openings varied from 
45 to 50, whereas his counts gave only 25 to 30 such pores for the 
posterior pole. However, the writer’s counts show a greater variation 
in the case of each pole. The micropylar openings at the anterior 
pole were found to number as few as 35 or as many as 55, whereas 
the posterior apparatus was found to consist of from 20 to 30 such 
openings. 

It appears that the micropylar apparatuses in the eggs of Nosopsyl- 
lus fasciatus and Hystrichopsylla dippiei have not been described 
previously. In the former the number of openings at the respective 
poles corresponds closely to the range given above for Ctenocephalides 
felis. In Hystrichopsylla dip piei the pores are fewer in number at both 
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poles; the anterior apparatus in this species was found to possess 30 
to 40 such openings, whereas the posterior one gave counts of from 
15 to 25. In all three species studied, the openings at each pole were 
found to tend toward a spiral arrangement. 

In Hystrichopsylla dippici there may. be a number of volcanolike 
raised processes arranged irregularly around the margin of the micro- 
pylar area (pl. 1, fig. 2). Their general appearance suggests the so- 
called micropyles of Phyrrhocoris apterus illustrated by Packard 
(1898, fig. 501), but longitudinal sections through them have failed 
to demonstrate for certain that the minute canals which pass inward 
from their craters perforate the chorion. Therefore, their function as 
supplementary micropyles is doubtful. The eggs of Nosopsyllus 
fasciatus and Ctenocephalides felis appear to lack these peculiar 
structures. 

Balbiani (1875) was of the opinion that in cat flea eggs only the 
anterior group of micropylar openings served as passageways for the 
entrance of spermatozoa, since he found what he interpreted as 
spermatic filaments caught only in the anterior openings. None of the 
preparations made during the present study show any structures lodged 
in the openings of either pole which may be interpreted with any 
degree of certainty as spermatic tail pieces. Furthermore, longitudinal 
sections of the eggs of all three species demonstrate clearly that the 
lumina of the pores of both the anterior and the posterior micropylar 
apparatuses pass through the chorion. It is probable, therefore, that 
in the case of flea eggs the openings of both the anterior and pos- 
terior micropylar areas serve as passageways for the entrance of 
spermatozoa. 

The difference in the number of micropylar pores present at the 
poles is the only external indication of anterior-posterior differentia- 
tion in flea eggs. The identification of the poles was made by opening 
eggs in which the embryos had developed sufficiently to permit positive 
recognition of the cephalic and caudal ends. This identification made 
it possible to test the Law of Hallez (1886) as applied to flea eggs. 
Eggs for this purpose were dissected from the oviduct, and invariably 
their anterior poles were directed toward the head of the mother. Be- 
cause flea eggs possess no dorsoventral differentiation until develop- 
ment is well advanced, no attempt was made to test the Law of Hallez 
in respect to this second axis. 

Some authors, such as Huettner (1923), describe a third protective 
membrane for insect eggs. This they term the plasma membrane. It 
is described as an extremely thin investment adhering closely to the 
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superficial protoplasm and difficult, therefore, to demonstrate. Such 
a covering, if present, would lie inside of the vitelline membrane and 
would be evident when the germ cells push out at the posterior pole 
as described in a later section. Such a membrane is not apparent in 
flea eggs. 

The superficial protoplasm of insect eggs is known as the periplasm 
or cortical ooplasm. The periplasm at the anterior pole is called the 
anterior polar plasm, and that at the posterior pole is termed the 
posterior polar plasm. In the eggs of many forms either one or both 
of the polar plasm regions are widened to form protoplasmic caps 
which some authors regard as adaptations to facilitate the entrance of 
spermatozoa. As will be described later in the section on germ cells, 
most writers on insect embryology believe that the posterior polar 
plasm plays an important role in the differentiation of the primordial 
germ cells. In comparison with the eggs of most other insects, those 
of fleas possess a very narrow periplasm, and none of the sections 
made during this investigation showed it widened to form an anterior 
protoplasmic cap. However, some of the sections have this cortical 
ooplasm perceptibly thickened at the posterior pole (pl. 5, fig. 43). 
The entire periplasm is uniformly granular and no darker-staining 
granules are in evidence in this posterior protoplasmic cap. 

The periplasm is continuous with an anastomosing reticulum of 
protoplasmic strands which ramifies throughout the inner portion of 
the egg. Contained within the meshes of this reticulum are numerous 
vitelline spheres which make up the deutoplasm or store of yolk for 
the nourishment of the developing embryo. These vitelline spheres 
vary considerably in size. Lying within each of them are several small, 
rounded, and refringent bodies. These are the vitelline bodies. Both 
vitelline spheres and their vitelline bodies appear in many of the 
accompanying photomicrographs (pl. 1, figs. 4, 5, 8, etc.). Delafield’s 
haematoxylin was found to leave both the vitelline spheres and vitelline 
bodies colorless, and was used for the sections from which the above 
illustrations were made. By contrast, Heidenhain’s iron haematoxylin 
stains both structures black (pl. 1, fig. 13). 

Multitudes of granulelike objects, apparently identical with the 
granules of the periplasm, may be present along the strands of the 
protoplasmic reticulum (pl. 5, fig. 45). These are by no means uni- 
formly distributed, and their concentration varies in different prepara- 
tions. They appear to correspond to the Blochmann’s corpuscles which 
have been observed in the eggs of certain other insects. These bodies 
were first observed by Weismann (1863), and, although he includes 
a short discussion of the development of the dog flea egg in this 
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same paper, he fails to mention the presence of such bodies in this 
species. Blochmann (1884, 1886, 1887a) studied these small cor- 
puscles in the eggs of a number of insects and concluded that they 
play an important part in embryonic development. Because he ob- 
served their multiplication by transverse fission, he concluded them to 
be bacterial organisms. Mercier (1906) substantiated Blochmann’s 
supposition by successfully culturing them in artificial media. Owing 
to the great variability of the number of these bodies in flea eggs, it 
seems improbable that they are of importance in the embryonic devel- 
opment of these insects. No attempt was made to culture these 
structures. 


MATURATION 


In unfertilized flea eggs, the position of the female pronucleus is 
somewhat variable, being dependent upon the maturation processes. 
Some of the preparations of newly deposited eggs show that they 
contain only two nuclei and that these are lying close together in the 
margin of the anterior polar plasm. Such a preparation apparently 
represents a stage immediately following the first maturation division, 
one of the two nuclei representing the first polar body and the other 
the secondary oocyte. Sections from other newly laid eggs show that 
the second maturation division has already taken place, as two polar 
body nuclei may be seen lying in the periplasm, while a third or ootid 
nucleus lies toward the interior of the egg. The polar body nuclei of 
fleas, like those of other insect forms, are never extruded from the egg 
but remain within the anterior periplasm until they disintegrate. The 
first polar body appears to remain undivided. Following the second 
maturation division the ootid nucleus migrates toward the center of 
the egg. Oviogenesis, or the differentiation of the ootid nucleus into 
the female gametic nucleus, takes place during this migration. This 
maturing process prepares the female nucleus for syngamy with the 
male gametic nucleus. 


SYNGAMY 


Figure 12 (pl. 1) shows a longitudinal section through the anterior 
half of a cat flea egg in a stage just prior to syngamy. Only four 
nuclei are evident in the entire egg and three of them are present in 
this section. These are the female gametic nucleus, the male gametic 
nucleus, and one of the polar body nuclei. The second polar body 
lies at a different level and appears in another section. The large 
number of micropylar openings occurring in flea eggs is suggestive of 
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polyspermy, but if other spermatozoa have entered this particular egg 
they have apparently disintegrated. The actual process of fertilization, 
or the fusion of the male and female gametic nuclei, is shown in 
figure 37 (pl. 4). It occurs in the central region of the egg, as a rule 
somewhat toward the anterior pole. The zygotic nucleus resulting 
from syngamy is shown in figure 38, and the complete section from 
which this enlargement was made is shown in figure 39. 


CLEAVAGE 


As is typical for the eggs of insects, cleavage in fleas is meroblastic 
peripheral, owing to the centrolecithal nature of the ovum. By a series 
of synchronous mitotic divisions, several generations of so-called 
cleavage cells are produced by the zygotic nucleus. As Blochmann 
(1887b) first pointed out, these bodies are not independent cells, 
inasmuch as each is connected by protoplasmic strands to the proto- 
plasmic reticulum which ramifies throughout the vitellus, and by this 
reticulum, in turn, to the periplasm. In flea eggs, each cleavage nucleus 
is surrounded by a star-shaped protoplasmic mass, and this is con- 
tinuous with the protoplasmic reticulum. Such cleavage nuclei, there- 
fore, have the same general appearance as the zygotic nucleus. Like it, 
they stain rather faintly. 

Synchronous cleavage divisions have been reported for a number 
of insect species. Huettner (1923) found them to occur in Drosophila, 
Auten (1934) in Phormia, and Butt (1936) in Brachyrhinus. Their 
presence in flea development, however, has not been observed hereto- 
fore. 

During the early cleavage divisions the resulting nuclei lie rather 
close together in the central region of the egg. Not until after the 
completion of the fifth such division, when the egg is in the 32 
nucleus stage, is there an indication of any orderly migration of 
the cleavage nuclei toward the periphery. Following the next or sixth 
cleavage division, when 64 segmentation nuclei are present in the 
egg, the majority of these have definitely begun their migration to 
the surface. In doing this they collectively assume a hollow sphe- 
roidal arrangement which is proportionate in all its dimensions to the 
outline of the egg. The nuclei which outline this spheroid are all 
approximately equidistant from the cortical ooplasm which forms the 
surface of the egg mass. Huettner (1923) says that in Drosophila 
the cleavage nuclei start their migration to the surface after the eighth 
cleavage division, or when the egg is in the 256 nucleus stage. In flea 
eggs, therefore, this migration starts somewhat earlier. 
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It has been stated above that the majority of the cleavage nuclei 
migrate to the surface of the egg. The relatively few that remain 
behind in the vitellus are destined to produce the primary trophonuclei. 

The migrating cleavage nuclei continue to rise toward the surface 
of the egg but undergo another cleavage division, the seventh, before 
they reach the periplasm. In flea eggs it is at the 128 nucleus stage, 
therefore, that the cortical layer is first supplied with nuclei. Mention 
should be made of the fact that the mitotic spindles of this seventh 
division are parallel to the egg’s surface and, as a consequence, the 
daughter nuclei retain the spheroidal arrangement already described 
for their parent nuclei. Wheeler (1889) for Blatia, Heymons (1895) 
for Forficula, and Lécaillon (1897) for Clytra, have described a 
similar orientation for the mitotic spindles of the cleavage division just 
prior to the arrival of the nuclei in the periplasm. 

There is a great deal of variation among insect eggs as to the exact 
region of the periplasm at which the cleavage nuclei first reach the 
surface. In Pieris (Bobretzky, 1878) and Chironomus (Weismann, 
1882) the first nuclei arrive in the cortical protoplasm at the anterior 
pole. In Formica (Ganin, 1869) and Musca (Graber, 1889) the sur- 
face of the egg is attained first at the posterior pole. Auten (1934) 
says that in Phormia the nuclei arrive at the two poles slightly before 
they reach the other surfaces of the egg. In Hydrophilus (Heider, 
1889), Platygaster (Kulagin, 1897), and Calendra (Wray, 1937) the 
surface of the egg first reached is between the poles in the equatorial 
region. In certain other insects such as Blatta (Wheeler, 1889) and 
Apis (Nelson, 1915) the ventral surface somewhat anterior to the 
equator is the region first reached. In Callopteryx (Brandt, 1869) the 
nuclei are said to arrive at the surface in groups. In the development 
of flea eggs the arrival of the nuclei at the surface does not correspond 
to any of the above cases for, as a rule, in pulicid ova the nuclei arrive 
at the periplasm simultaneously at all points. This is not surprising 
in view of the regular symmetry of these eggs and the fact that the 
nuclei approach the surface arranged in the form of a hollow, single- 
layered figure, the outline of which conforms very closely to the shape 
of the egg surface. The only exception to the simultaneous arrival of 
the nuclei at the surface is that in some eggs-the most posterior nuclei 
arrive at the periphery a little later than the others. This is apparently 
due to the fact that the zygotic nucleus sometimes begins dividing at a 
point slightly anterior to the middle of the egg. As these most posterior 
cells tend to become germ cells, their further history is postponed for 
later consideration. 
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The number of cleavage nuclei arriving in the cortical ooplasm of 
flea eggs is inadequate to constitute at once a continuous epithelium 
such as is characteristic of the blastula stage. As stated above, it is 
at the 128 nucleus stage or after the seventh cleavage division that 
the periplasm is first supplied with nuclei. The 15 or so nuclei which 
are to be seen at the periphery in a median longitudinal section at this 
stage are rather regularly distributed but widely separated from each 
other (pl. 1, fig. 4). This condition contrasts with the situation which 
occurs in Calliphora (Blochmann, 1887b) and Hydrophilus (Heider, 
1889), in which the nuclei reach the periplasm closely crowded to- 
gether. In the embryological development of fleas, therefore, there 
must be a further multiplication of the nuclei in the periplasm before 
the stage comparable to that in which the nuclei arrive at the periphery 
in Calliphora and Hydrophilus is reached. For the sake of conve- 
nience, although there is as yet no cessation of nuclear division at 
any surface region, cleavage may arbitrarily be said to terminate with 
the arrival of the cleavage nuclei at the egg’s surface. The embryonic 
differentiations which immediately follow this stage and which lead up 
to the completion of the blastoderm collectively constitute what is 
herein termed blastulation. 


BLASTULATION 


At the conclusion of cleavage the egg may be said to be in the 
blastema stage. This term was first used by Weismann (1863) to 
designate the nucleated periplasm in the eggs of dipterans before its 
division into cell territories. Although he was mistaken in assuming 
that the nuclei in this layer have a spontaneous origin, later workers, 
such as Patten (1884) and Wheeler (1889), have used the term with- 
out objection. When the general definition of blastema, viz, the 
primitive basis of a structure yet undifferentiated and from which 
such a structure grows, is considered, it must be admitted that the 
nucleated periplasm of insect eggs comes within the meaning of the 
term when its function as the primitive basis for the blastoderm is 
taken into account. For this reason, the precedent established by 
Patten and Wheeler is herein followed. 

Four substages of the blastema are to be recognized in the eggs of 
fleas, each determined by the number of nuclei which are present in 
the periplasm. The first of these has already been described as being 
synonymous with the 128 nucleus stage. The second, third, and fourth 
blastema substages correspond to the 256, the 512, and the 1024 
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nucleus stages respectively. The details of the differentiations of these 
various stages deserve special consideration. 

Mention has been made of the fact that at the last or seventh 
cleavage division, which occurs during the migration of the pre- 
blastema nuclei to the periplasm, the mitotic spindles are arranged 
parallel to the egg’s surface, thus insuring that the daughter nuclei will 
be equally distant from the periplasm when they are formed. All the 
division planes of the three subsequent nuclear divisions likewise are 
at right angles to the egg’s surface. This phenomenon serves to retain 
the single-layered arrangement of the nuclei in all the blastema 
substages. 

Immediately following the eighth nuclear division or when the egg 
is in the 256 nucleus substage of the blastema, the two daughter nuclei 
of any one parental nucleus lie close together. Soon, however, they 
draw away from each other until they are approximately equidistant 
from the adjacent nuclei and from each other (pl. 1, fig. 5; pl. 4, 
fig. 40). The egg is then ready for the ninth nuclear division. This, 
and the tenth division, take place in the same manner as the eighth, 
although the pairs of daughter nuclei are less apparent owing to the 
greater number and resultant crowding of the nuclei in the periplasm. 
The third blastema substage, following the ninth nuclear division, is 
shown in figures 3, 10, and 11 (pl. 1) and in figures 41 and 42 (pl. 4). 
Figures 8 (pl. 1) and 49 (pl. 6) represent the fourth blastema sub- 
stage. This follows the tenth nuclear division and corresponds to the 
1024 nucleus stage. 

In the fourth blastema substage, all of the first true blastodermic 
nuclei are accounted for. All that remains to transform the blastema 
into the blastoderm is the separation of the individual nuclei with their 
adjacent cytoplasm into distinct cell territories. The cells delineated 
in this manner are the first true cells of the developing egg. Some 120 
of them are present in a median longitudinal section of the primary 
blastodermic stage or the first substage of the blastula (pl. 1, figs. 7, 9; 
pl. 5, fig. 48). The discussion of the second and third blastula sub- 
stages is postponed to the section on the formation of the germ band. 

The cytoplasm of the blastoderm has two sources. Part of it is 
derived from the thin periplasmic layer, and the remainder has been 
carried into this region by the immigrating cleavage nuclei. The first 
indication of the delimitation of the cell territories of the blastoderm 
is the appearance of slightly rounded swellings at the surface of the 
egg. These swellings are opposite the individual peripheral nuclei. 
Almost immediately the lateral cell walls begin to form. They begin 
at the surface and gradually extend inward. The nuclei do not lie in 
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the absolute centers of their forming, respective cell territories. In- 
stead, each is located somewhat toward the outer margin. With the 
completion of the lateral cell walls, the cell territories still remain 
incompletely demarcated, as the cytoplasm of their bases is still con- 
nected. It is also continuous with the reticular protoplasm of the 
interior of the egg. Although these phases of blastulation are typical 
for centrolecithal insect eggs, the final step, consisting of the develop- 
ment of the inner walls of the blastoderm cells, varies as to details in 
different forms. In the eggs of certain insects such as Hydrophilus 
(Heider, 1889) and Apis (Nelson, 1915) an inner peripheral or 
cortical protoplasmic layer is produced. It is believed to be composed 
entirely of protoplasm which has come to the surface with the cleavage 
nuclei. This zone has only a temporary existence owing to the fact 
that it is ultimately absorbed by the blastoderm cells. A true layer 
of inner peripheral protoplasm was not found by Marshall and Dernehl 
(1905) in their study of Polistes, although a small amount of cyto- 
plasmic substance was observed just inside the bases of some of the 
completed blastodermic cells. An inner layer of peripheral protoplasm 
is said by Carriére and Burger (1897) to be entirely lacking in 
Chalicodoma and Anthophora. As the eggs of these last two genera 
have a relatively thin periplasmic layer, and as this is also the case in 
flea eggs, an inner peripheral protoplasmic layer was expected to be 
lacking also in the developing ova of these insects. A deficiency of 
cytoplasmic material in the cortical layer would be expected to neces- 
sitate the incorporation at once into the blastodermic cells of all the 
protoplasm which had come to the surface with the cleavage nuclei. 
However, careful examination of sections of flea eggs representing 
this stage indicates an agreement with the eggs of Polistes rather than 
with those of Chalicodoma and Anthophora. Although thin, irregular, 
and ill-defined, cytoplasmic patches may be seen lying just below the 
bases of certain of the blastoderm cells. This may be regarded as 
homologous to the definite inner layer of peripheral protoplasm of 
certain other insects. 


TROPHONUCLEI 


As already stated, after the sixth cleavage division when 64 seg- 
mentation nuclei are present in the egg, a variable number of these 
start migrating toward the surface as the preblastema nuclei. Within 
the spheroidal figure which they outline are the remaining nuclei 
which, with their progeny, stay in the central portion of the egg. Here 
they probably serve to liquefy the yolk which surrounds them, making 
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it available as nourishment for the cells of the developing embryo. 
Because of this function, they may be termed trophonuclei or vitello- 
phags. It would be incorrect to call them trophocytes because, like 
the cleavage nuclei, the cytoplasm surrounding them is not marked off 
into cell territories. In order to emphasize this point, the term tropho- 
nucleus is used hereafter. During the preliminary cleavage divisions 
all of the trophonuclei divide simultaneously with the other nuclei. 
Later, however, the division of the trophonuclei is irregular. This is 
demonstrated by the fact that while these nuclei disperse soon after 
division, some preparations show a few lying close together in pairs. 
This irregular division of the trophonuclei has been described previ- 
ously for Apis by Nelson (1915). 

In some insects, such as Leptinotarsa (Wheeler, 1889) and Clytra 
(Lécaillon, 1898), a phenomenon known as secondary yolk cleavage 
is said to occur. In these forms the yolk is divided into polyhedral 
masses, each of which contains a trophonucleus. This segmentation 
serves to divide the protoplasmic reticulum of the vitellus as well, 
so that in these forms each yolk segment with its trophonucleus and 
surrounding cytoplasm may properly be regarded as a yolk cell. Only 
in such cases is the term yolk cell applicable. In agreement with the 
majority of other insects, such segmentation of the vitellus is not 
shown in any of the numerous sections of flea eggs made during this 
study. Therefore, for the vitellophags of the eggs of Siphonaptera the 
term trophonucleus rather than yolk cell is correct. 

The origin of the primary trophonuclei from cleavage nuclei which 
have remained behind in the yolk has been demonstrated in numerous 
insects by various authors including Bobretzky (1878) for Pieris, 
Kowalevsky (1886) for Calliphora, Wheeler (1889) for Leptinotarsa, 
and Nelson (1915) for Apis. On the other hand Patten (1884) for 
Neophylax, Will (1888) for Aphis, Wheeler (1889) for Blatta, and 
recently Du Bois (1932) for Sciara, state that all the cleavage nuclei 
migrate to the surface so that none of them are left to produce the 
primary vitellophags. In the eggs of fleas a few nuclei, as in the 
majority of insect forms studied, remain behind in the vitellus and 
these in turn give rise to the primary trophonuclei. Tikhomirowa 
(1892) has already made this observation for the composite species 
Pulex serraticeps. Strindberg (1917), in his study of the development 
of Archaeopsylla erinacet, failed to find yolk nuclei at any stage. 

Not all trophonuclei are of this primary type, however. They must 
of necessity have some other source in those forms in which all of the 
nuclei pass to the periplasmic layer. Patten (1884) says that in Neo- 
phylax the yolk nuclei arise at a later stage by the immigration of 
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nuclei into the vitellus from both the serosa and the ventral plate. 
Graber (1871) had previously shown that in forms possessing primary 
trophonuclei, these are augmented by additional or secondary vitello- 
phags which enter the yolk from the germ band. Numerous other 
workers, including Korotneff (1885) for Gryllotalpa, Noack (1901) 
for Calliphora, Nelson (1915) for Apis, Butt (1936) for Brachy- 
rhinus, and Lassmann (1936) for Melophagus, have substantiated his 
observations. In flea eggs, such an augmentation of the primary vitel- 
lophags by others of a secondary nature occurs, notwithstanding the 
statement of Tikhomirowa (1892) to the contrary. This augmentation 
is by immigration from the surface. These secondary trophonuclei 
may enter the yolk either from the blastoderm or from the mesoderm 
when this germ layer has differentiated. None of them appear to come 
from the serosa as Patten (1884) described for Neophylax. In spite 
of their origin from the completely delimited cells of the blastoderm 
or mesoderm, the secondary vitellophags appear to lose their cellular 
nature as they enter the yolk. Their cell boundaries break down and 
they become incorporated into the cytoplasmic syncytium which rami- 
fies through the vitellus. Having lost their demarcations, these vitel- 
lophags can no longer be regarded as independent cells. Instead, they 
must be termed trophonuclei like the primary vitellophags. Such 
secondary trophonuclei appear indistinguishable from those of the 
primary group once they have passed deeply into the yolk. When first 
given off by the blastoderm, they stain rather deeply and correspond 
in the density of their coloration to the cells of the superficial layers. 
The subsequent decrease in the staining ability of the secondary 
trophonuclei appears to be due to the dispersion or dissolution of their 
substance. A similar phenomenon has been observed by Heymons 
(1895) in Gryllotalpa, Gryllus, and Forficula, by Friederichs (1906) 
in Meloé, and more recently by Eastham (1927) in Pieris. 


ORIGIN OF THE GERM CELLS 


The origin of the primordial germ cells in insects was first observed 
by Robin (1862) in Chironomus. He failed, however, to recognize 
their true nature for he regarded them as polar bodies. Weismann 
(1863), again in Chironomus and also in Calliphora, observed not 
only the separation of these cells from the posterior pole of the egg 
but also found that they reentered the egg and finally disappeared 
among the embryonic tissues. He concluded, therefore, that they were 
not polar bodies and termed them “pole cells” instead. Like Robin, 
however, he failed to understand their significance. Metchnikoff 
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(1866) found similar pole cells in Miastor and succeeded in tracing 
them to the larval gonad, thereby indicating their true character. His 
work was confirmed by later workers, particularly Balbiani (1882) 
who saw in Chironomus not only the constriction of these cells but 
their reentry into the interior of the egg and incorporation into the 
gonads as well. All the germ cell work up to this time was done on 
entire eggs, and with the introduction of modern sectioning and stain- 
ing techniques, further evidence was accumulated to show that the 
pole cells are in reality the primordial germ cells. Ritter (1890) 
especially, again working on Chironomus, was able to trace, by means: 
of extensive sections, the development of the germ cells up to the 
time that they reached their final positions in the gonads of the fully 
formed larva. Ritter’s work was reexamined and confirmed in the 
main by Hasper (1911). Subsequent to these earlier fundamental 
studies, germ cells have been discovered in the eggs of a number of 
other insects. These investigations indicate, however, that the differen- 
tiation of germ cells among insects takes place by two general methods. 
Before comparing these two methods it is necessary to discuss the 
characteristics of the posterior polar plasm and the role it plays in the 
origin of the primordial germ cells of hexapods. 

Weismann (1863) described what he termed “yolk granules” in 
the pole cells of Chironomus. Ritter (1890), in his study of the germ 
cells of this same fly by the section method, demonstrated that Weis- 
mann’s “‘yolk granules” came from a disk-shaped mass of granular 
substance located in the periplasm at the posterior pole of the egg. 
Hasper (1911), in his reinvestigation of Ritter’s work, was able to 
show that this granular substance was incorporated into the cytoplasm 
of the germ cells. This incorporation of granular plasm by the germ 
cells has been reported in numerous insects and has led to the belief 
which is held by some workers that this substance possesses the peculiar 
power of incorporating itself into the cytoplasm of differentiating 
cleavage cells and thereby transforming them into germ cells. Hegner, 
in a series of publications dating from 1908 to 1917, champions this 
view and terms the granules in question “germ cell determinants.” 

According to the descriptions of numerous other authors, these 
posterior polar granules are congregated in a disk-shaped area in the 
peripheral periplasm at the posterior end of the egg. Gambrell (1933), 
in discussing this mass of granules in Simuliwm, says that it lies just 
beneath the surface at the posterior end and appears as a sharply out- 
lined, irregular, and darkly staining body which is completely imbedded 
in the formative protoplasm. Butt (1934) describes it for Sciara as 
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follows: “At the posterior pole in the periplasm lies a saucer-shaped 
granular plate, the germinal cytoplasm or germ line determinant.” 
Huettner (1923), in his work on Drosophila, used Heidenhain’s iron 
haematoxylin almost exclusively for staining his sections and found 
that the posterior polar granules stained black like the yolk spheres. 
Likewise Auten (1934), working on Phormia, found that the posterior 
granular plate stained deeply with Heidenhain’s iron haematoxylin. In 
view of these and other similar observations which appear in the litera- 
ture, it was expected that a typical disk-shaped area of darkly staining 
granules would be found at the posterior pole of the flea egg. However, 
in none of the numerous preparations of pulicid eggs made during this 
investigation is such an area indicated. The general appearance of the 
posterior polar plasm of flea eggs has been described in a previous 
section. In view of the importance of this substance in the differentia- 
tion of the germ cells, the following further details are given. At the 
posterior pole the periplasm is shown to be widened, in a few sections, 
to form more or less of a cap (pl. 5, fig. 43). This cap is entirely free 
from yolk spheres. This is its chief distinguishing characteristic, for, 
in the remaining portions of the periplasm, the yolk structures often 
appear to extend nearly to the surface. This posterior polar cap is 
uniformly faintly granular like the rest of the peripheral protoplasm. 
Furthermore, like the other regions of the egg, it may possess Bloch- 
mann’s corpuscles. But never in any of the sections prepared for this 
study does it contain any structures which may be interpreted as 
corresponding to the darkly staining polar granules of other insect 
eggs. As previously stated, some of the sections were stained with 
Heidenhain’s haematoxylin and, although the yolk spheres were 
colored black, there were no similarly stained posterior polar granules 
present. The remainder of the sections made of the early stages were 
stained with Delafield’s haematoxylin with a counterstain of eosin. 
Gambrell (1933) used this same combination extensively and found 
the polar granules clearly indicated thereby. Butt (1934) used Bouin’s 
fluid for fixation, a reagent utilized for the majority of the eggs 
sectioned in this study, and successfully demonstrated the granular 
plate in Sciara. It may be assumed, therefore, that the fixation and 
staining techniques employed during the present investigation are 
favorable to the visibility of posterior polar granules, and _ their 
apparent absence in this case may be taken as an indication that such 
granules do not occur in the eggs of the three flea species under 
consideration. 

This apparent absence of posterior polar granules, however, appears 
to be not without precedent in the eggs of insects. Nelson (1915), in 
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his thorough and extensive study of the embryology of the honey bee, 
makes no mention of the presence of posterior polar granules in the 
eggs of this insect. He, too, used Bouin’s fluid for fixation and iron 
haematoxylin for staining and found that the yolk spheres stain deeply 
by this method. As he could hardly have failed to observe a limited 
posterior polar area of granules had one been present, it may be 
inferred that the eggs of the honey bee, like those of fleas, lack these 
particles. 

While Hegner’s interpretation of the significance of posterior polar 
granules has been accepted by numerous workers, other embryologists 
have opposed his view. Huettner (1923), particularly, has taken this 
position. In 1g01 Noack reached the conclusion that these granules 
are yolk spheres. Huettner, however, demonstrated that this is not 
the case, and showed furthermore that they are not mitochondria. He 
also noticed, as Noack had already pointed out, that all of the germ 
cells do not receive an equal number of these granules. Therefore, in 
contrast to the germ cell determinant hypothesis, he believes it 
“probable that the posterior polar granules may be only by-products of 
the posterior germ plasm and have nothing to do with the determina- 
tion of the germ cells.” In spite of his suggestion that the term be 
laid aside, some recent workers continue to use it. Du Bois (1932), 
Gambrell (1933), and Butt (1934), all write of these granules as 
germ cell determinants. The fact elucidated above, that the eggs of 
certain insects such as fleas lack posterior polar granules, appears to 
be conclusive evidence that these structures are not the differentiators 
of the primordial germ cells. 

The two general types of germ cell differentiation in insects are 
illustrated by Miastor and Drosophila respectively. In the former, 
as shown by the studies of Metchnikoff (1866), Kahle (1908), and 
Hegner (1912 and I1914a), a single primordial germ cell gives rise 
to all the germ cells of the organism. In Muiastor the parent nucleus 
of all the germ cells is differentiated from its fellows in the 8 nucleus 
stage when it migrates into the posterior polar plasm. Thereafter, this 
entire polar plasm with its nucleus is cut off from the egg to form the 
primordial germ cell, which by subsequent divisions produces all the 
gonial cells of this fly. 

In contrast to this single cell origin for all the gonial cells, the 
majority of insects appear to derive their germ cells by a somewhat 
different method. In Drosophila, for example, as shown by Huettner 
(1923), a variable number of cleavage cells migrate into the posterior 
polar plasm and each is constricted off as a primary germ cell. In 
Drosophila this number varies from 6 to 20. In some eggs, the total 
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number extruded indicates beyond question that they could not all 
have arisen by the synchronous division of a single primordial germ 
nucleus. Noack (1901) found the same type of germ cell differentia- 
tion occurring in Calliphora. In this form 15 to 20 polar nuclei are 
pushed out posteriorly at one time. Recently, Lassmann (1936) has 
shown that germ cell differentiation in Melophagus is of this type. 

In the case of flea eggs, the germ cells develop by a method com- 
parable to that which takes place in Drosophila, Calliphora, and Melo- 
phagus. A variable number of cleavage nuclei pass into the posterior 
polar plasm and constrict off from the body of the egg, surrounded 
by some of this differentiating ooplasm, to become the first germ cells. 
Figures 46 and 47 (pl. 5) show several of these completed germ cells 
lying just within the vitelline membrane. The enlargement for figure 
46, showing three germ cells, was made from the whole egg section 
shown in figure 42 (pl. 4). 

Numerous insect embryologists, including Gatenby (1918) working 
on Trichogramma, have shown that the polar nuclei which are destined 
to become germ cell nuclei can in no way be distinguished from the 
other cleavage nuclei except by their location in the posterior polar 
plasm. In the eggs of fleas, all the nuclei present in the egg at this 
stage are similarly indistinguishable, and because the posterior polar 
plasm is not demarcated, as in most other insect eggs, by its unique 
granular appearance, it is impossible to recognize them with certainty. 
Until they begin to protrude from the egg’s surface, one may only 
assume that the nuclei located nearest to the longitudinal axis of the 
egg at its posterior pole are destined to become germ nuclei (pl. 5, 
fig. 44). 

Several germ cells make their appearance in the eggs of fleas simul- 
taneously. The first indication of their constriction is the formation 
of rounded swellings of the egg surface at the extreme posterior pole. 
Figure 45 (pl. 5) shows three germ cells bulging out preparatory to 
constriction. In some eggs, such as the one illustrated, the cytoplasm 
of the protruding cells may possess a granular appearance. The 
minute structures which are responsible for this appearance are not to 
be confused, however, with the described posterior polar granules of 
other insects. Instead, as already stated, they are to be identified as 
comparable to Blochmann’s corpuscles. Their number is negligible in 
some preparations and profuse in others. Furthermore, unlike polar 
granules, they are distributed throughout the entire vitelline and 
periplasmic regions of the egg. 

In the discussion on cleavage it was stated that in the eggs of fleas 
all nuclei entering the periplasm usually arrive there at the same time, 
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the only exception being that in some cases the most posterior nuclei 
arrive at the periphery shortly after the others. Judging from their 
position, these extreme posterior polar nuclei are to be regarded as 
future germ cell nuclei. Their delayed arrival at the periplasm appears 
to be at variance with the case of Drosophila, for which Huettner 
(1923) says that the polar nuclei apparently begin their migration a 
trifle earlier than the preblastema nuclei. As already suggested, the 
retarded arrival of the posterior nuclei in flea eggs may be ascribed to 
the fact that in certain cases the fusion nucleus is located somewhat 
anterior to the center of the egg when it divides. 

The first appearance of protoplasmic pockets anticipating the con- 
striction of germ cells, occurs soon after the nuclei have entered the 
periplasm to form the blastema. This is at the 128 nucleus stage, or 
following the seventh cleavage division. At this stage, some 15 nuclei 
are present in the periplasm in a sagittal section. The beginning of 
germ cell protrusion in flea eggs is relatively precocious when com- 
pared with Drosophila. In fact, the migration of the preblastema and 
pregerm cell nuclei is likewise earlier for the fleas than for the 
pomace fly. In the latter, according to Huettner (1923), it is not until 
after the next or eighth cleavage division that the nuclei begin to 
migrate toward the periphery. 

The sections prepared for this study show that as the protrusions 
caused by the first germ cells become more prominent, others which 
are more lateral in position begin to make their appearance. Even 
when the most posterior cells are completely constricted, others may 
be just beginning to bulge out. There is consequently such a gradual 
transition from the ordinary blastema nuclei to the more median germ 
cells that it is impossible to determine, with any degree of accuracy, 
a boundary of distinction between the two types of nuclei. The first 
germ cells to be constricted appear to become complete during the 
second blastema substage, or after the eighth cleavage division. Con- 
striction of those more lateral in position may continue into the early 
part of the third blastema substage following the subsequent or ninth 
cleavage division. The germ cells then reenter the nucleated periplasm 
during either the latter part of the third or during the fourth blastema 
substage before the cell territories of the blastoderm are delimited. 
Figure 48 (pl. 5) shows the germ cells after their return into the body 
of the egg. This reincorporation of the germ cells in the blastema 
surface is in accordance with the recent works of Butt (1936) on 
Brachyrhinus, and of Wray (1937) on Calendra, but at variance with 
the account of Hegner (1909a) for chrysomelid beetles. Hegner 
states that the germ cells of these insects remain outside the egg body 
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until blastulation is completed. Their entry later is by means of 
incompleted points of the blastoderm, termed pole canals. The situa- 
tion in flea eggs differs likewise from that which Lassmann (1936) has 
found in Melophagus. In this form, the germ cells do not reenter 
the egg until much later. Instead, they lie for a time in the differen- 
tiating amnio-proctodaeal cavity and not until this has deepened con- 
siderably do they effect an entrance into the embryo. 

By counting the total number of germ cells shown in the series from 
which the section for figure 46 (pl. 5) was taken, there were found 
to be eight. As a single nucleus, by three consecutive divisions pro- 
duces eight nuclei, it might be inferred that these germ cells had a 
mononuclear origin. Such a circumstance could be harmonized with 
what occurs in such insects as Miastor or Chironomus. In the latter 
fly, according to Hasper (1911), a single primordial germ cell protru- 
sion takes place. This divides into two cells as it constricts from the 
egg, and this division is followed by two others, so that, in all, eight 
germ cells are produced. If there were always eight such cells formed 
in flea eggs it might be assumed that they had originated froma single 
cleavage nucleus which could not be distinguished from the other 
nuclei in the egg, owing to the absence of posterior polar granules. 
An examination of other serial sections of eggs of the same stage, 
however, shows that in fleas the total number of germ cells produced 
is variable. Some eggs possess as few as 5, whereas others have as 
many as 12. Reference has already been made to the synchronous 
division of the cleavage and blastema nuclei. Because of the fact that 
the germ cells begin to push out as soon as the immigrating nuclei have 
entered the periplasm, it is apparent that all the germ nuclei were 
produced by the seventh cleavage. Obviously, therefore, they origi- 
nated simultaneously with all of the other nuclei present in the egg. 
It is consequently impossible for any total number (also total progeny ) 
of germ cells numbering between 5 and 15, other than 8 (2°) to be. 
produced from a single ancestral nucleus. The presence of variable 
numbers of germ cells in the eggs of fleas indicates for them a poly- 
nuclear origin. 

The further history of germ cells in insects has until now been 
traced completely only in forms possessing differentiating posterior 
polar granules. For example, Hegner (1909a) found, for Calligrapha, 
that after reentering the eggs by the pole canals, these cells creep along 
between the yolk and the germ band to form, eventually, two groups 
near the developing coelomic sacs. These aggregates acquire follicular 
envelopes, probably mesodermal, and the gonads are completed. Like- 
wise Lassmann (1936) was able to trace the germ cells of Melophagus 
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to their final position in the larval gonad. In this genus, as already 
stated, the germ cells lie for a time in the amnio-proctodaeal cavity 
and then pass through the embryonic wall. They then move along on 
the posterior mesenteron rudiment to the developing gonad. 

Although the germ cells of fleas lack posterior polar granules, they 
are nevertheless distinguishable from the other early cells of the 
embryo by their larger size, their more prominent nuclei, and the 
usual clearness of their cytoplasm (pl. 5, fig. 48; pl. 12, figs. 89, 90). 
They enter the surface layer during the blastema stage, as described, 
and with the completion of blastulation are to be found incorporated 
in the blastoderm at the posterior end of the egg (pl. 5, fig. 48). With 
the appearance of the posterior mesenteron rudiment, the germ cells 
no longer form a part of the blastoderm, but come to lie on the inner 
surface of the rudiment (pl. 6, fig. 51). The whole egg section from 
which this enlargement was made is shown in figure 14 (pl. 2). When 
the posterior portion of the germ band is involuted into the yolk, the 
germ cells, together with the posterior mesenteron rudiment, are 
carried along. At this stage they lie on the embryonic tail at a point 
near which it is continuous with the amnion. From here they pass, 
at a later stage, into the epineural sinus where they form two aggre- 
gates. The two groups of germ cells move slowly forward, one on 
each side of the differentiating body cavity, where they are finally 
incorporated into the gonads as described in a later section. 

Of the five workers who heretofore have written on the embryology 
of fleas, only two have observed the germ cells. One was Balbiani 
(1875) who, at a later date (1882) published an admirable work on 
the germ cells of Chironomus. In his paper on the development of 
the cat flea, he describes what he believes to be the germ cells in a 
stage somewhat later than that in which the embryonic membranes are 
completed. He says: “The organ of reproduction is already visible in 
the form of a small mass of clear cells located along the internal aspect 
of the abdomen immediately below the posterior margin of the 
vitellus. No envelope or cellular wall surrounds this group of germ 
cells.” The fact that he describes them as clear cells substantiates the 
identification of the germ cells herein noted as well as the conclusion 
that the cytoplasm of flea germ cells is lacking in the polar granules 
common in those of other insects. 

While Balbiani saw nothing of the early stages of the germ cells, 
it is apparent that Packard (1872) actually observed them at the time 
of their constriction. According to the terminology of his time he 
called them “pole cells.” Although Metchnikoff (1866) had already 
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indicated the significance of corresponding cells in Miastor, Packard 
was content to state that they disintegrated when he lost track of them. 
His contributions to this subject are best shown by quoting his 
statements: 

There was observed a vacant space between the yolk and the chorion at the 
posterior pole, the egg contents completely filling out the opposite end. Also 
at this time the end of the egg distinctly bulges out, and in this shallow sinus are 
four distinct polar cells and a small indistinct one in addition, they are dis- 
tinctly nucleated just as in Chironomus. There seems to be a membrane 
(1 suppose the vitelline membrane) retaining these polar cells in place..... 
About two hours later, the vacant space at the posterior pole of the egg has 
disappeared, and the yolk and protoblastoderm have pushed up against the 
vitelline membrane and polar cells. In half an hour’s time more, the yolk mass 
has advanced half way to the polar cells. At this time there were no signs 
of blastodermic cells. A few hours later, probably not over thirty after the egg 
had been laid, the blastoderm cells had appeared around the yolk. Soon after 
this the polar cells break down and disappear. 


Weismann (1863) does not mention the germ cells in the dog flea 
eggs which he studied, yet he goes into some detail in his discussion of 
the “pole cells” which he observed in Chironomus and Calliphora, 
the other two insects considered in the same paper. This is accounted 
for by the fact that the rather opaque chorion in Ctenocephalides canis 
makes it impossible to observe the finer details of structure in whole 
mounts. As he was unsuccessful in his attempts to remove the chorion 
without injury to the vitellus and embryo, his discussion of the embry- 
ology of fleas is very limited. In Calliphora, and Chironomus particu- 
larly, the chorion is transparent. 

It appears that the germ cells of fleas have not been studied by the 
section method heretofore, although both Tikhomirowa (1890) and 
Strindberg (1917) used this technique in their investigations on 
pulicid embryology. The former does not mention the germ cells, 
while Strindberg says that they are not disclosed in the eggs of 
Archaeopsylla erinacet. 


FORMATION OF THE GERM BAND 


At the conclusion of blastulation, the blastoderm cells are equally 
distributed over the surface of the egg. This condition is characteristic 
of the undifferentiated blastula. Soon, however, there occurs a con- 
centration of cells toward the ventral midline and polar surfaces of 
the egg. This crowding of the cells toward the ventral midline is the 
first step in the formation of the ventral plate which in turn anticipates 
the germ band (pl. 6, fig. 50). The cells of the median dorsal region 
appear to be somewhat flattened by the lateral tension exerted upon 
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them. In contrast, the cells of the future ventral plate, owing to 
crowding, have elongated and become slightly columnar. The ventral 
region, therefore, is somewhat thickened. There is, however, no sharp 
line of demarcation between the thinned and thickened areas (pl. 1, 
fig. 6). Although somewhat differentiated by cell concentration and a 
consequential thickening appearing along the ventral surface, the egg 
is still bounded at all points by a single layer of cells. It is still to be 
regarded, therefore, as a blastula, and is specifically in the second 
blastula substage. In fact, another or third blastula substage follows 
this. 

The transformation from the second to the third blastula substage 
is accomplished by a division of the cells constituting the thickened 
areas of the blastoderm. This is the eleventh mitotic division, number- 
ing from the zygotic nucleus. The cells of the middorsal thinned 
region do not appear to participate in this division. Owing to the con- 
centration of the cells in the thickened regions, particularly along the 
midventral line and its continuation around the poles, some of the 
nuclei may be forced inward, an illusion of a double cell layer thus 
being given. A somewhat similar apparently double-layered blasto- 
derm has been described with different explanations in the eggs of 
certain other insects including Apis (Kowalevsky, 1871; Petrunke- 
witsch, 1901; and Nelson, 1915), Polistes (Marshall and Dernehl, 
1905), and Phormia (Auten, 1934). 

The multiplication of cells just described results in a stil greater 
thickening of the germ band anlage. This is enhanced further by a 
change in shape of the cells of the ventral plate. By this change the 
cells lose their roughly triangular shape, become elongated, narrowed, 
and truly columnar. The narrowing allows space for the nuclei to 
reassume a single linear relationship, restoring the single layer 
appearance. 

In contrast to the cells of the thickened portion of the blastoderm, 
those of the thin dorsal region seem to have remained quiescent and 
from the surface present a squamous epithelial appearance. Another 
striking difference between the cells of the two regions is that the 
majority of the columnar cells possess a large vacuole adjacent to 
the inner margin of the nucleus. This vacuole is absent in the flattened 
cells. Nelson (1915) describes a similar stage for Apis, but claims 
that in the development of this insect the thin dorsal strip regains a 
thickness equivalent to the remainder of the blastoderm, and then 
once again is reduced to a thin sheet of flattened cells. No such thick- 
ening and subsequent rethinning is evident in the eggs of fleas. 
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The remaining or thickened portion of the blastoderm is termed the 
ventral plate. As stated, it is thickest along the median line, extending 
to the anterior pole and somewhat around the posterior pole of the 
egg. While at first there is no sharp line of demarcation between 
the thinned dorsal area and the thickened ventral blastoderm, along 
the midline near anterior and posterior extremities of the ventral plate 
rather abrupt thickenings soon become evident. These are the first 
indications of the so-called mesenteron rudiments, which at a subse- 
quent stage will form the midgut epithelium. They represent the 
first transformations of the single-cell-layered blastula to a multiple 
laminated condition. Figure 16 (pl. 2) shows the anterior mesenteron 
rudiment at the beginning of its formation, figure 15 (pl. 2) ata 
slightly later stage, and figures 23 (pl. 2), 53, 54 (pl. 6), and 25 (pl. 2) 
at correspondingly still later stages. The early development of the 
posterior mesenteron rudiment is indicated in figures 14 (pl. 2) and 51 
(pl. 6). The details of their later history will be described below. 


FORMATION OF EMBRYONIC MEMBRANES AND INVOLUTION 
OF THE EMBRYO 

The embryos of fleas, like those of most other higher insects, become 
covered by two embryonic membranes at an early stage in the devel- 
opment of the germ band. The outer of these envelopes is known as 
the serosa; the inner one is termed the amnion. Both are cellular in 
nature and are produced from that portion of the blastoderm which 
is not involved in the formation of the ventral plate or embryonic 
rudiment. The amnion is continuous with the germ band, whereas the 
serosa, although during its formation continuous in turn with the 
amnion, ultimately loses even secondary connection with the embryo 
so as to form an entirely independent covering lying just inside the 
vitelline membrane. 

The formation of the embryonic membranes in insects, although 
fundamentally similar, varies considerably in different forms as to 
its details. These variations are due to the relationship of the germ 
band to the vitellus. 

The first indication of embryonic membrane formation in flea 
embryos is the appearance of two shallow indentations of the ventral 
plate, the beginnings of the amnio-serosal folds. Most authors call 
these simply the amniotic folds, but because of the dual fates of each, 
the compound name of amnio-serosal fold used by Wray ( 1937) has 
been adopted here. 

One of these indentations is anterior in position, being located at a 
point on the germ band which is somewhat anterior to the location 
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of the anterior mesenteron rudiment (pl. 2, fig. 23). Because of the 
extremely long embryonic rudiment that is developed in flea embryos, 
this anterior depression lies at the anterior pole of the egg. Its anterior 
margin soon grows out to form a double fold (pl. 6, figs. 53, 54), the 
anterior amnio-serosal fold. Its inner layer, which is continuous with 
the ventral plate, will become the anterior part of the amnion ; its outer 
layer is destined to become the anterior portion of the serosa. This 
anterior amnio-serosal fold, as it increases in length, gradually extends 
farther laterally (pl. 6, fig. 52), ventrally, and posteriorly. Because 
of the greater width of the anterior portion of the germ band (pl. 7, 
figs. 55, 57), due to the presence of the procephalic lobes in that 
region, the anterior amnio-serosal fold is much wider than the cor- 
responding posterior fold. Posterior to the cephalic region the anterior 
fold narrows correspondingly to the width of the germ band. This 
anterior amnio-serosal fold in flea embryos arises in the same manner 
as do both the anterior and posterior folds in those insects which have 
the germ band wholly superficial. 

The posterior of the two primary amnio-serosal fold indentations 
occurs on the ventral plate immediately posterior to the posterior 
mesenteron rudiment. Its position lies somewhat around the posterior 
pole of the egg toward the dorsal surface. At first the posterior amnio- 
serosal indentation is identical to that of the anterior fold, but this 
resemblance is transitory. It is true that the posterior fold is gradually 
extended forward as its anterior counterpart is extended posteriorly, 
but in the case of the posterior fold the indentation increases in depth 
until it extends through the yolk about half way to the anterior pole 
of the egg (pl. 7, figs. 55 to 57). This extensive deepening of the 
posterior amnio-serosal indentation carries the posterior portion of 
the germ band deep into the vitellus. This inward movement of the 
embryo is to be regarded as a partial involution process corresponding 
to the extreme type which is characteristic of odonate and hemipteran 
embryos. 

Coincident with the involution of the posterior end of the germ 
band, the two amnio-serosal folds approach one another (pl. 7, fig. 56), 
and finally join at the midventral region of the egg. When they 
come into apposition their intervening walls rupture, and the inner or 
amniotic layer and the outer or serosal portion of each fuse with the 
corresponding parts of the other. This fusion occurs during the third 
day of the embryonic period. In this way there occurs a complete 
separation of the two embryonic envelopes, producing a double pro- 
tective covering for the embryo over its ventral surface (pl. 7, fig. 57; 
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pl. 9, figs. 67, 70). The serosa is formed in part by the outer layers of 
the amnio-serosal folds and in part by the blastodermal covering over 
the vitellus. In some insect embryos such as those of Leptinotarsa 
(Wheeler, 1889), Sciara (Butt, 1934), and Brachyrhinus (Butt, 
1936), a small portion of the dorsal blastoderm does not take part in 
the formation of the serosa. Instead, the cells of this portion clump 
together dorsally to form the so-called primary dorsal organ which 
is soon absorbed by the vitellus. In the embryos of fleas, however, no 
indication of such a primary dorsal organ is apparent, as the entire 
dorsal blastoderm is incorporated in the serosa. Soon after com- 
pletion, the serosa becomes separated from the yolk surface and may 
for a time be observed as an entirely independent membrane composed 
of extremely squamous cells lying within the vitelline membrane. 

In contrast to the serosa, the amnion covers only the surface of the 
germ band, its margins being continuous therewith. The space be- 
tween this envelope and the embryo constitutes the amniotic cavity. 
Its anterior portion is formed by the overgrowth of the anterior amnio- 
serosal fold, its middle part by a similar growth of the lateral amnio- 
serosal folds (pl. 6, fig. 52), and the posterior part incorporates the 
lumen produced by the involution of the caudal end of the germ band 
(pl. 7, figs. 56, 59, 60). In accordance with the double nature of the 
posterior portion of the amniotic cavity at this stage, Lassmann (1936) 
has proposed the significant name of amnio-proctodaeal cavity. This 
term has been adopted here. It is worthy of note that the embryonic 
rudiment is not terminated at the inner end of this amnio-proctodaeal 
lumen as might be expected. Instead, it is continued around ventrally 
for a short distance before it connects with the amnion. 

Histologically, the amnion and the serosa present a similar appear- 
ance. Both are composed of extremely flattened cells which, in section, 
appear as thin spindles. At the center of each such cell is a somewhat 
expanded area containing the nucleus (pl. 2, fig. 22). In the case of 
the serosa, as this envelope expands in drawing away from the surface 
of the vitellus, it becomes further attenuated so that its cells become 
even more compressed. Neither membrane shows any indications of 
cell division. 

The movements of the germ band in flea development which cor- 
respond to the blastokinetic processes of hemipteran and odonate 
embryos are described at this point. Attention has already been called 
to the fact that the embryonic rudiment in fleas is partly superficial and 
partly involuted. At the end of the second day of the embryonic period 
the involution of the caudal region has reached its maximum, and the 
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posterior third of the embryo lies completely surrounded by yolk and 
directed toward the anterior end of the egg (pl. 7, fig. 56). During 
the next 12 hours, however, there is a withdrawal of the involuted 
portion from the deutoplasm (pl. 7, fig. 55). This process corresponds 
to the more complex phase of blastokinesis known as revolution, which 
occurs in certain other insects, but the details are quite different. In 
the case of fleas it involves no rupture of the embryonic membranes. 
Furthermore, instead of withdrawing along the line of involution, the 
involuted caudal portion of the germ band in fleas merely pulls through 
the yolk toward the dorsal surface of the egg so that when the process 
is completed the entire embryo lies at the surface (pl. 10, figs. 73, 74, 
75). During the processes of involution and that which corresponds 
to revolution of other forms, there has occurred a considerable in- 
crease in the length of the anterior end of the germ band. At this 
stage, therefore, it extends entirely around the anterior pole of the egg 
and is directed posteriorly on the anterior dorsal surface. With the 
withdrawal of the posterior end of the embryo from the yolk, its 
anterior and posterior extremities almost touch. The embryo at this 
stage is about 60 hours old. 


FATES AND SIGNIFICANCE OF THE EMBRYONIC ENVELOPES 


The embryonic envelopes of insects exhibit important differences 
as to their fates. However, the development of fleas includes a combi- 
nation of fates for the amnion and serosa which appears to be unique. 

Mention has been made of the fact that no structure, homologous 
to the primary dorsal organ of such forms as Leptinotarsa, Sciara, 
and Brachyrhinus is found in flea development. Likewise, there seems 
to be no primary dorsal organ of the type, described by Wray (1937) 
for Calendra, which has nothing to do with the embryonic membranes. 
Nevertheless, in order to avoid confusion with these two types of 
dorsal structures, the use of the term primary dorsal organ for the 
first dorsal body formed in fleas is avoided. Therefore, the first such 
structure differentiated in siphonapteran development is herein called 
the second dorsal organ. 

In the embryology. of fleas the serosa ruptures ventrally early in 
the fourth day, and is drawn dorsally to form an indistinct clump of 
cells which lies for a short time on the dorsal surface of the yolk as 
the second dorsal organ. It is gradually absorbed by the vitellus. This 
rupture of the serosa and its formation of the second dorsal organ 
corresponds to the fate of this membrane in the Trichoptera and 
Chironomus (Graber, 1888b). By contrast, the serosa in Leptinotarsa 
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(Wheeler, 1889) and Calendra (Wray, 1937) remains intact until the 
time of hatching. 

In flea embryos, the amnion, after the rupture of the serosa, 
becomes completely detached from the embryo and forms a complete 
envelope enclosing the egg contents for a time. However, it remains 
for only a short time after the absorption of the serosa. Then it, too, 
ruptures ventrally and contracts dorsally to form the third dorsal 
organ (pl. 2, fig. 24; pl. 11, fig. 79). This occurs toward the end of 
the fourth day. The third dorsal organ is absorbed by the vitellus 
immediately before the dorsal closure of the embryo. The rupture and 
absorption of the amnion is similar to the fate of this membrane in 
Leptinotarsa (Wheeler, 1889) and Calendra (Wray, 1937). It differs 
from what occurs in the Trichoptera and Chironomus (Graber, 1888b) 
in which forms the amnion persists until eclosion. The rupture of 
both the serosa and amnion in Siphonaptera contrasts with the fates 
of these membranes in the Lepidoptera (Ganin, 1869) and in the 
Tenthredinidae (Graber, 1890), in which forms they both persist 
until hatching. 

Strindberg (1917) alone, of those who have written on the embry- 
ology of fleas, mentions the fates of the embryonic envelopes. Appar- 
ently, however, he was handicapped by insufficient material and was | 
therefore unable to determine the complete sequence of events. He 
notes that both the embryonic membranes cease to be conspicuous at 
one stage and then speaks of finding their degenerating cells inside the 
vitellus a little later. Nevertheless, he states that no dorsal organ is 
formed, thereby indicating that he missed the significant intermediate 
stages. 

The question of the functional significance of the amniotic cavity 
to the development of the embryo is one which suggests itself at this 
point. Wheeler (1889), in discussing this problem for insects in 
general, regards this cavity as a place for the temporary deposition of 
excreted matter and therefore as an organ functionally analogous to 
the allantois of higher animals. He says: “It seems probable that 
while the inner ends of the ventral plate cells are absorbing and 
metabolizing the yolk, their outer ends are at the same time giving off 
into the amniotic cavity a less amount of liquid waste products.” This 
appears to be a logical explanation especially applicable to the develop- 
ment of flea embryos for which Wheeler’s hypothesis may be extended 
as follows: As already stated, the terminal portion of that part of the 
amniotic cavity which is formed during the involution of the embryo 
is connected with the proctodaeum to form the amnio-proctodaeal 
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cavity. The malpighian tubules which serve as excretory organs for 
the larva have an extremely early origin and arise as invaginations of 
the proctodaeum (pl. 9, fig. 71). It is possible that they may serve an 
excretory function in the embryo as well as in the larva. The opening 
of the proctodaeum into the amniotic cavity is at least significant, 
especially since in flea embryos the amnion remains intact until the 
embryonic period is more than half over. When its connections with 
the embryo are finally broken, the katabolistic products are still pre- 
vented from contaminating the deutoplasmic food supply by the 
provisional covering over the vitellus formed by the second dorsal 
organ. As the latter is absorbed, the amnion forms the third dorsal 
organ which in turn blocks the exposed surface of the yolk until the 
dorsal closure of the embryo. This appears to be the first suggested 
function for either an amniotic or serosal dorsal organ which has been 
advanced. 


GERM LAYER DIFFERENTIATION 


Coincident with the formation of the embryonic membranes and 
the involution of the posterior portion of the germ band, there occurs 
in the development of flea embryos what corresponds to the gastrula- 
tion process of other animals. In fleas, however, as in other insects, 
the ontogenetic process is so distorted by heterochrony and coeno- 
genetic modification that it is difficult to recognize the relationship of 
this process to the less specialized and more fundamental method of 
gastrulation by invagination which is so general throughout the ani- 
mal series. 

The so-called entoderm of insects consists of those embryonic 
aggregates of cells which go to form the inner lining of the mesen- 
teron. In flea development, these entoderm anlagen are two in number 
and consist of the mesenteron rudiments which have been mentioned 
in an earlier section. The appearance of these rudiments marks the 
initial step in the transformation of the organism from a simple mono- 
blastic to a triploblastic stage. Both rudiments appear simultaneously, 
immediately following the concentration of the blastoderm cells to- 
ward the ventral surface of the egg. 

The anterior mesenteron rudiment (pl. 2, figs. 15, 16, 23) originates 
at a point on the future embryonic midline which is ventral to the 
anterior pole of the egg mass. The first step in the formation of the 
rudiment is a change in the general appearance of the blastoderm cells 
over the region where the rudiment is to appear. Previously, all the 
cells comprising the ventral and lateral thickened areas of the blasto- 
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derm, excepting the germ cells, have been columnar in shape. At 
this stage, however, the cells which are to form the anterior mesenteron 
rudiment assume an irregularly cuboidal or spherical outline. A simi- 
lar appearance of the cells comprising the mesenteron rudiments of 
Leptinotarsa (Wheeler, 1889) and Apis (Nelson, 1915) has been 
observed. 

The mesenteron rudiments of fleas are not originated by a process 
of cellular proliferation from the blastoderm such as Carriére and 
Burger (1897) have described for Chalicodoma. Neither is there an 
invagination of the blastodermic layer in its formation. Instead, the 
process is by migration of cells from the ventral blastoderm. With 
the changes in the appearance of the future mesenteron rudiment cells, 
which have been described above, the cells themselves tend to become 
loosely arranged. This loosening results in the appearance of numer- 
ous minute interstices between the cells of the rudiment anlage. It is 
probably responsible for the rounding out of the cells as well. The 
interstices are not apparent for long, as the cells soon migrate below 
the surface in an apparently confused mass and then become compactly 
arranged to form the rudiment proper. The loss incurred by the 
emigration of cells from the surface is gradually made up by the 
approximation of the blastoderm over the mesenteron rudiment. For 
some time previous to this, however, there remains an irregularly out- 
lined and extremely shallow pit (pl. 6, fig. 53) over the mass of cells 
which may now be regarded as constituting the entoderm. The process 
up to this time is similar to that found in Apis (Nelson, 1915). In 
flea eggs, however, the shallow pit is finally closed over by the blasto- 
derm (now ectoderm at this point on the surface of the egg mass) 
in contrast to the case of Apis, in the development of which Nelson 
observed that a plug of mesenteron cells reaching to the external 
surface remained after the approximation. In spite of the fact that 
it completely covers the rudiment of the mesenteron, the ectodermal 
sheet over this area in flea ova may be slightly indented to form a 
second shallow depression which is to be recognized as the location 
tor the stomodaeal invagination. 

While there is no evidence that cell proliferation has played any 
part in the formation of the anterior mesenteron rudiment up to this 
time, subsequently the rudiment increases in thickness by the multi- 
plication of its cells. This is shown by the presence of mitotic figures 
among the cells of the lower portion of the entoderm mass. The 
anterior margin of this anterior mesenteron rudiment is thinned out 
rather abruptly and terminates at a point which is located slightly 
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posterior to the point of origin of the developing amnio-serosal fold. 
The short interval of undifferentiated blastoderm which separates the 
two is some dozen cells in length (pl. 2, fig. 25; pl. 6, fig. 54). 

The origin of the posterior mesenteron rudiment, although essen- 
tially similar to that of its anterior counterpart, differs in certain 
details. The region of appearance in this case is dorsal to the pole 
rather than ventral. Furthermore, the length of the blastoderm con- 
cerned in its formation is considerably greater. The initial manifesta- 
tion of the formation of the posterior mesenteron rudiment is a thick- 
ening, accompanied by a flattening of the blastoderm slightly dorsal 
to the posterior pole of the egg (pl. 2, fig. 14; pl. 6, fig. 51). Owing 
to the later involution of the posterior portion of the germ band, 
the anlage of this rudiment is drawn from its place of origin to a 
point yet farther around the posterior pole of the egg. The greater 
length of the posterior rudiment, as contrasted to the anterior one, 
is noticeable at all stages in its development. Furthermore, its margins 
on all sides are less abrupt. Although the posterior rudiment tends 
to be somewhat thinner than the anterior rudiment at corresponding 
stages of development, it ultimately attains an equivalent thickness. 
This thickening takes place during the later phases of the involution 
of the germ band and is not completed until the tail of the embryo 
has reached the center of the egg. Figures 59 and 60 (pl. 7) show this 
aggregate of mesenteron cells lying immediately within the ectoderm 
adjacent to the posterior terminus of the amnio-proctodaeal cavity. 
Although a short portion of the ventral plate is continued around this 
terminus to connect with the amnion, the cells of the posterior mesen- 
teron rudiment are not included in this extension. . 

The appearance of the two mesenteron rudiments marks the first 
step in the differentiation of the germ layers in flea development, but 
there soon follows a change in the nature and thickness of the 
remaining parts of the ventral plate. This consists of the process 
usually called gastrulation. In the development of fleas, as of other 
insects, this process results in the transformation of the blastoderm 
into a double-layered germ band. The superficial layer in this case is 
continuous with the sheets which cover the two mesenteron rudiments 
and like those coverings is to be regarded as ectoderm. The lower 
layer is continuous with the mesenteron rudiments, there being no 
sharp line of demarcation between either of them and this lower layer. 
Because of the part played by this lower layer in the organogenesis 
of the embryo, it is to be identified as mesoderm. 

The differentiation of the blastoderm of the ventral plate region 
in that section between the mesenteron rudiments is not identical in 
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all insects. An examination of the literature reveals descriptions of 
gastrulation in insects by the four following methods: 

1. The lower layer is formed by an emigration or proliferation of 
cells from the blastoderm along the median line of the ventral plate. 
No obvious median groove is produced to assist in this process; in 
some instances all indications of such a groove are lacking. Korschelt 
and Heider (1899) discount the reports of the existence of this type, 
apparently because of their conviction that a tube, or groove at least, 
must be present as the remnant homolog of the gastrula-tube of other 
animals. There is no doubt, however, that such a method of lower 
layer formation actually exists in some insects. It has been observed 
by Heymons (1897) in Lepisma and by Uzel (1898) in Campodea. 
It is also described for the Collembola by Claypole (1898), Phil- 
liptschenko (1912), and Weber (1933). In addition, it has been 
reported in several of the Pterygota by a number of workers including 
Korotneff (1885) for Gryllotalpa, Wheeler (1889) for Blatta, and 
Hagan (1931) for Hesperoctenes. 

2. The lower layer arises by an emigration of cells from the blasto- 
derm along the median line of the ventral plate. In this case a distinct 
groove is formed, but its lips are not approximated to form a tube. 
This method has been described by Patten (1884) for Trichoptera, 
by Will (1888) for Aphidae, and more recently by Gambrell (1933) 
for Simulium and by Auten (1934) for Phormia. 

3. There occurs an actual invagination of the ventral midline blasto- 
derm to form a groove which changes into a closed tube by the 
approximation and fusion of its lips. This type of lower layer separa- 
tion has been reported in several of the higher insects such as Hydro- 
philus (Kowalevsky, 1871, Heider, 1885 and 1889), Leptinotarsa 
(Wheeler, 1889), Chalicodoma (Carriere, 1890), Calliphora (IKowa- 
levsky, 1886), and Calendra (Wray, 1937). 

4. The middle portion of the ventral plate becomes separated from 
the lateral blastoderm. This middle plate then sinks inward while the 
lateral plates grow together and fuse over its outer surface. Like the 
third type described, this method has been reported only for certain 
higher insects. Among them are Apis (Nelson, 1915), Sphinx (Kowa- 
levsky, 1871), and Pieris (Bobretzky, 1878). 

In fleas the lower layer is produced by a combination of the first 
three methods listed above. In the anterior third of the ventral plate, 
including the brief section between the anterior mesenteron rudiment 
and the anterior amnio-serosal fold, there is a simple emigration of 
cells from the blastoderm, without the formation of a perceptible 
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groove (pl. 8, fig. 61; pl. 2, fig. 17). There is no proliferation of cells 
from the blastoderm by mitotic division such as Wheeler (1889) 
describes for Blatta. Instead, there is merely a sinking of the cells 
which are located at the midline. In certain cases this appears to be 
an irregular process similar to that which has been described for the 
formation of the mesenteron rudiments. Especially is this true in 
the region adjacent to the anterior rudiment where the transition from 
the cells of the lower layer to those of the rudiment is difficult to 
make out. Posteriorly, the migration of cells appears to become more 
regular. At the beginning of the second third of the ventral plate 
there is a gradual transition from this first method of lower layer 
formation to the second type which has been described above, viz, 
that in which the migration of cells is combined with the formation 
of a groove (pl. 8, figs. 62, 63, 64). This method is followed through- 
out the major portion of the germ band, and the groove is shallow in 
all places. The cells which form the sides of the groove are destined 
to form the lower layer. These cells separate from those which are 
to form the ectoderm, the breaks occurring at the points where the 
blastoderm turns in to form the walls of the groove. In the meantime, 
the sides of the groove approximate, but never to form a tube. In 
some cases the mesoderm-forming cells migrate to the lower layer 
level in two parallel columns. At a point somewhat ventral to the 
posterior pole of the egg, the groove deepens abruptly. From this 
region on to a position only slightly anterior to the posterior mesen- 
teron rudiment, the sides of the groove widen out below the surface 
layer, after which the lips of the groove approach one another and 
fuse to form a true tube with a distinct lumen (pl. 2, figs. 18, 19; 
pl. 8, fig. 65). In the relatively short region at the posterior end of 
the embryo, between the posterior mesenteron rudiment and the section 
of the germ band where a tube is formed, a simple groove is again 
produced, the sides of which appose as in the middle embryonic region. 
Along the short length of germ band which forms the posterior 
extremity of the embryo and which is carried around the terminus of 
the invaginating proctodaeum, the method of lower layer formation 
is identical to that which occurs in the anterior third of the egg (pl. 7, 
fig. 58). 

It has been stated that in the formation of the lower layer of flea 
embryos, proliferation of cells from the blastoderm does not play a 
part. Instead, the sunken cells arrange themselves so as to form a 
relatively simple row the full width of the germ band below the ecto- 
derm (pl. 9, figs. 69, 70). The details of this process vary according 
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to the method by which the cells of the lower layer reach their sub- 
merged positions. In the anterior region of the embryonic rudiment 
where the cells sink by an irregular migration, this lateral progress is 
likewise by an apparently haphazard movement (pl. 9, fig. 67). In the 
section where the shallow groove is formed and in those regions of 
it in which the mesoderm-forming cells migrate in parallel columns, 
these lines of cells separate sharply at the lower level midline and pass 
in opposite directions toward the lateral limits of the germ band 
(pl. 8, fig. 64; pl. 9, fig. 69). This is in agreement with the observa- 
tions of Patten (1884) on Neophylax. In connection with that portion 
of the embryonic rudiment where a distinct mesodermal tube is 
formed, the beginning of the process is identical with that in which 
no groove is formed. The first cells to leave the surface pass inward 
with no space between them. The invagination takes place above this 
solid mass so that the lower wall of the tube, when it is completed, is 
two cells thick (pl. 8, fig. 65). With the compression of the tube 
to obscure its lumen, these lower cells separate and migrate laterally 
to form the extreme marginal parts of the unproliferated lower layer. 
Figure 66 (pl. 8) shows this stage in a section cut at a level slightly 
posterior to that from which the one shown in figure 65 was made. 

In the three forms of lower layer formation which occur in the 
development of the flea embryo, it is evident that the first cells to 
leave the surface tend to form the most lateral portions of the meso- 
derm. The relative positions of the cells in the lower layer with 
respect to the midline are obviously the reverse to what they were 
when these same cells were still a part of the blastoderm. This situa- 
tion is the direct opposite of that occurring in Apis as described by 
Kowalevsky (1871) and Nelson (1915). Although the lower layer, 
when first formed in fleas, is typically only one cell in depth, it is 
soon thickened by cellular proliferation. This is shown by the mitotic 
figures which are evident among the mesoderm cells. 

Of the five workers who have written on the embryology of fleas, 
only those two who used the section method of study have mentioned 
the germ layers. These are Tikhomirowa (1892) and Strindberg 
(1917). However, the statements of both of them in this connection 
are inaccurate. In respect to the origin of the lower layer (mesoderm) 
Strindberg omits its consideration entirely, confining his remarks to 
the mesenteron rudiments. He merely states that in Archaeopsylla 
erinacei the epithelium of the mesenteron is derived from one anterior 
and one posterior anlage originating from the lower layer. Since the 
mesenteron rudiments of the forms investigated during this study 
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make their appearances as differentiated areas of the blastoderm 
before the lower layer is produced, his observation appears to have 
been in error. 

While Tikhomirowa (1892) discusses the origin of the mesoderm 
at considerable length, her ideas are also inaccurate. Her paper is 
primarily a criticism of Patten’s article on the embryology of Neo- 
phylax (1884) in which he describes the mesoderm as originating 
from cells which migrate inward from the midventral blastoderm, the 
same method as has been described above for the middle region of 
the germ band in the case of fleas. Tikhomirowa did not base her 
observations on any of the Trichoptera, but insisted that, contrary to 
Patten’s observations, it must arise in Neophylax in the same manner 
she claimed to observe it originate in the flea and in Chrysopa. She is 
emphatic in her assertions that in both of these insects the mesoderm, 
and the lining of the mesenteron as well, are derived from the yolk 
cells (trophonuclei). Her views on this subject are clearly described 
in a translation of her own words: 


In summing up my observations on the formation of the ectoderm and primary 
entoderm, viz, the blastoderm and yolk cells respectively, .... 1 must contend 
that here the process is different from that described by Patten in regard to the 
phryganids which he studied. In examining his figures and comparing them 
with my own, I find a great deal of resemblance between them. For this reason, 
it seems to me that that author was mistaken in affirming that all the cleavage 
cells go into the formation of the blastoderm. It is very possible that he did not 
notice the negligible number of segmentation elements which remain in the 
interior of the vitellus at the beginning of the formation of the blastoderm and 
which remain in the center multiplying rapidly and giving rise to the primary 
entoderm. In regard to the formation of the mesoderm I have several series of 
slides which show definitely that its cells are derived from the primary entoderm 
(vitelline cells). If we should study one of the preparations representing the 
germ band, we would remark that the primitive groove is very indistinct, so that 
in this stage there is not the slightest possibility of the separation of a part of 
the ectoderm (blastoderm) for the formation of the mesoderm. In sections of 
eggs of the same stage, we see that the mesoderm is very distinctly set off from 
the ectoderm. Directly below the ectoderm are situated cells of the mesoderm, 
one right next to the other. Here we can follow clearly all the transitions of the 
nuclei of the primary entoderm, or rather of the nuclei of the vitelline cells, 
by their size, form, and coloration, even to the mesoderm close by. On this point, 
also, my observations differ from those of Patten who states for the phryganids 
that all the mesoderm is derived from the blastoderm cells in the region of the 
primitive groove..... I find in the earlier as well as later stages of Pulex 
serraticeps, incontestable proof of the fact that the mesoderm is derived from 
the primary entoderm or vitelline cells. The series of slides of Pulex serraticeps 
which I possess, shows the formation of the mesoderm from its initial stage 
and proves beyond doubt that the first cells of the mesoderm are nothing else 
than the cellular elements remaining behind in the interior of the egg after the 
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formation of the blastoderm and which approach little by little and one after 
the other to finally touch the blastoderm from underneath. The irregular form, 
the largeness and the pale color of the nuclei of the first mesoderm cells show 
a perfect resemblance to the primary entoderm cells on the one hand, and their 
absolute dissimilarity regarding the same characteristics to the cells of the 
ectoderm on the other. I believe, therefore, that the origin of the mesoderm 
from the primary entoderm in Pulex serraticeps is beyond doubt. 


This quotation serves to illustrate the fact that the literature of 
insect embryology contains many errors. Frequently, as in the present 
case, the development of a certain form has been reinvestigated with 
opposite results, causing one to doubt the accuracy of much that has 
been written in this field. Such discrepancies are apparently due, in a 
large measure, to the difficulty of the technique involved. Fragmentary 
or otherwise poor sections prompt misinterpretations. The failure 
of Tikhomirowa to observe the origin of the mesoderm from the 
blastoderm may be ascribed to faulty preparations. It is a different 
matter, however, when one considers her derivation of the entoderm 
from the vitellophags. The origin of the cells which go to form the 
mesenteron epithelium has been one of the most debated questions 
concerned with insect development. In deriving the functional ento- 
derm from the trophonuclei Tikhomirowa was merely following the 
lead of numerous other investigators of her period. Their opinions 
were doubtless motivated by a desire to harmonize the origin of the 
germ layers in insects with the germ layer theory and with what was 
known to occur in other groups. In the majority of animals the 
entoderm is differentiated with the formation of the gastrocoel by 
invagination. Consequently, in such forms the entoderm lies at the 
interior of the egg. These workers expected, therefore, to find the 
entoderm cells originating from the nuclei contained in the yolk. It 
has been pointed out already that in other insects, as well as fleas, the 
primary trophonuclei are augmented by cells migrating into the yolk 
after the completion of the blastoderm. Dohrn and his followers, 
seeing such cells intermediate between the vitellus and the surface 
layer, probably mistook the direction of their progress and added this 
observation to substantiate their belief. It may have been an attempt 
to carry the germ layer theory one step farther that prompted Tik- 
homirowa to derive the mesoderm from the same source as that from 
which she supposed the entoderm originated. 

The mesenteron rudiments of flea embryos have been described in 
the present paper as originating from near the anterior and posterior 
extremities of the ventral plate blastoderm, making their initial appear- 
ance before the formation of the lower layer is evident. Such a 
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derivation, independent of the mesoderm, is not new to the literature 
of insect embryology. In 1897 Carriére and Burger described such a 
method of entoderm origination in both Chalicodoma and Tenebrio. 
Noack (1901) says that in Calliphora the entoderm cells are produced 
in the same manner. It is of interest to note that Uzel (1897a, 1898) 
states that the entoderm of the apterygote forms Lepisma and 
Campodea is likewise formed from cells which migrate in from the 
blastoderm. Philiptschenko (1912) describes the same origin for 
Tsotoma. However, in these last two cases, in addition to the anterior 
and posterior rudiments, entoderm is proliferated along the embryonic 
band. 


EXTERNAL EVIDENCES OF SEGMENTATION AND CHANGES 
IN EMBRYONIC SHAPE 


Very early in the development of flea embryos, at the beginning of 
the second day and even before the differentiation of the germ layers, 
there becomes evident what appears to be a precocious segmentation 
of the ventral plate. The manifestations of this pseudosegmentation 
take the form of incomplete transverse zones of the ventral blasto- 
derm. They are incomplete in that the middle portion of the plate 
(consisting of the cells of the future mesoderm) is unaffected by 
this phenomenon. At first it appears that these precocious divisions 
correspond to the primary segmentation of the insect germ band which 
was first observed by Ayers (1884) in Oecanthus and later by Graber 
(1888a, 1890) in a number of different insects. These authors were 
able to distinguish four general regions in the early germ band. They 
were a primary cephalic, a maxillary, a thoracic, and an abdominal 
region. Graber attributed great phylogenetic significance to these 
divisions which he regarded as the primary body segments. Ac- 
cordingly, he termed them macrosomites in contrast to the definitive 
body segments or microsomites into which they subsequently divide. 

Careful examination of flea embryos indicates that these general 
zones are more numerous than the four regions observed by Ayers 
and Graber. In fact their number is not constant and what is more, 
they soon disappear. Therefore, they are to be regarded as pseudo- 
segments which are due to some other factor than segmentation, 
perhaps a mechanical contraction. Wheeler (1889) describes a some- 
what similar phenomenon in Leptinotarsa and ascribes it to a 
wrinkling of the ventral plate. The fact that such segmental appear- 
ance is not evident in longitudinal sections of flea eggs of this stage 
substantiates this explanation. 
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The true segmentation of the germ band of fleas does not take place 
until the third day of development when the germ layers are com- 
pletely differentiated and revolution has taken place. This circum- 
stance differs, therefore, from that which occurs in other insects such 
as Hydrophilus (IKowalevsky, 1871), Chalicodoma (Carriére, 1890), 
and Apis ( Nelson, 1915), in which the definitive segments are marked 
off even before the lower layer is formed. 

Preliminary to the segmentation of flea embryos, therefore, the 
double-layered germ band is produced. A description of this process 
as seen in sections has already been given. However, an understanding 
of its superficial appearances is requisite to the description of the 
external manifestations of segmentation. The superficial indications 
of the germ band become evident during the second day of develop- 
ment. The first of these consists of a flattening of the middle portion 
of the ventral plate preliminary to the immigration of its cells to form 
the entoderm and mesoderm. Next, the anterior region of the ventral 
plate expands perceptibly. This is coincident with the lateral expan- 
sion of the mesoderm. Evidencing this is the fact that the germ band 
becomes distinctly more opaque than the lateral regions of the blasto- 
derm which are destined to form the embryonic envelopes. The 
lateral expansion of the anterior part of the germ band serves to 
differentiate the embryonic rudiment into two general regions (pl. 7, 
figs. 55, 57). The expansions of the anterior shorter one are the 
procephalic lobes (pl. 9, fig. 68). The longer narrower portion is the 
protocormic region. When the procephalic lobes first make their’ 
appearance, they are situated somewhat ventrad to the anterior pole 
of the egg. With the lengthening of the germ band, however, they 
come to lie dorsad to this pole, in which position they are to be found 
at the middle of the third day of development. At this time the caudal 
portion of the embryo has completely withdrawn from the yolk and 
the two ends of the germ band almost touch. 

In some insects there is a pronounced difference in time between the 
appearance of the anterior and the posterior segments of the germ 
band. Those of the cephalic region have been reported to appear 
earlier in the majority of forms. Schnetter (1934) for Apis and 
Butt (1936) for Brachyrhinus have found that segmentation is 
initiated, not at the extreme anterior end, but in the future thoracic 
region from which point it extends both anteriorly and posteriorly. 
In flea embryos the difference in the time of appearance of the seg- 
ments in the various portions of the germ band is negligible, but the 
anterior-posterior sequence is followed in this discussion for the sake 
of convenience. The procephalic lobes become divided into three 
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segmental regions. The most anterior of these soon develops a bilobed 
prominence which is the anlage of the labrum (pl. 3, fig. 34; pl. ro, 
fig. 75; pl. 11, fig. 82). Itis known as the labral, ocular, or preantennal 
segment. The second segment gives rise to the prominent paired 
antennae and is therefore termed the antennal segment. The third 
procephalic segment, which really arises in the region of transition 
between the procephalic and protocormic regions, is much less promi- 
nent. It does, however, produce a pair of small evanescent rounded 
protuberances which may be regarded as homologs of the second 
antennae of crustaceans. The protocormic region gives rise to 17 
segments plus an additional incomplete one which is to be regarded 
as the telson. The first three of these are called the gnathal segments 
as they produce appendages which are differentiated into the larval 
mouthparts (pl. 10, fig. 74). The most anterior is the mandibular 
segment and, as its name indicates, its paired appendages form the 
mandibles. Similarly the second or maxillary segment gives rise to 
the maxillae, and the third or labial segment produces the labium. 
This organ arises as a pair of appendages (the second maxillae) 
whose bases soon fuse to form the bilobed labium of the larva. 

The three procephalic and the three protocormic segments described 
above soon lose their lines of demarcation and become closely fused 
to form the syncephalon of the developing larva. By contrast, all the 
remaining protocromic segments, except the most caudal one, retain 
their external identity even to the end of the larval period. The 
three segments immediately posterior to the gnathal ones become 
the prothoracic, the mesothoracic, and the metathoracic segments 
respectively. 

The 11 segments of the protocormic region situated caudad to the 
thoracic region constitute the abdomen. The eleventh, which is con- 
siderably smaller than the rest, does not remain visible from the 
outside for long as it is soon carried inward by the invagination of 
the proctodaeum and becomes telescoped within the tenth segment. 

The general changes in body shape may be outlined at this point. 
After 3 days of development, the germ band is so curved dorsally that 
the anterior and posterior ends nearly touch (pl. 10, figs. 73, 74, 75). 
During the fourth day the embryo shortens so that it reaches only to 
the poles of the egg. The two extremities of the embryo are still 
turned dorsally, however, and they remain so flexed until early in the 
fifth day, when the embryo straightens out and then curves ventrally 
(pl. 12, fig. 87). Coinciding with this ventral flexure, there is gradu- 
ally an elongation of the embryo until it is so long that the curvatures 
of the ends are insufficient to allow its accommodation within the egg. 
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The anterior and posterior extremities, therefore, become so flexed 
that a cross-section of the egg may cut four complete sections through 
the embryo. The embryo retains its curled position until the time of 
hatching, after the sixth day of development. 


DIGESTIVE, TRACT 


The fore-intestine, comprising the oesophagus and proventriculus 
in the late embryo, has its origin, in fleas as in other insects, in an 
ectodermal invagination known as the stomodaeum. This invagination 
arises directly over the position of the anterior mesenteron rudiment, 
becoming evident soon after the ectoderm has closed over the sunken 
entoderm. The stomodaeum deepens very gradually, keeping pace 
with the shrinkage of the yolk. As it deepens it pushes the entoderm 
of the anterior mesenteron rudiment before it. It ultimately extends 
posteriorly about one fourth of the length of the egg (pl. 3, fig. 34; 
peronne. 755 pl. it, fig. 82). 

The hind-intestine arises in a somewhat similar manner although 
there are several differences to be noted. Like the fore-intestine, it 
is derived from an ectodermal invagination which in this instance is 
termed the proctodaeum (pl. 3, figs. 35, 36; pl. 10, fig. 75). It may 
be said that the relationship between the proctodaeum and posterior 
mesenteron rudiment is fundamentally the same as that which exists 
between the stomodaeum and anterior entodermal rudiment. In the 
case of the proctodaeum and posterior mesenteron rudiment, however, 
the relationship is made more obscure in the earlier stages of develop- 
ment by the involution of the posterior region of the germ band. The 
point at which the embryonic band sinks inward during this process 
is almost immediately over the position of the posterior mesenteron 
rudiment and therefore somewhat anterior to the posterior extremity 
of the germ band. This is also the point at which the proctodaeum 
pushed inward so that the first part of the resulting invagination to 
form appears to belong to both the proctodaeum and the amniotic 
cavity and has consequently been termed the amnio-proctodaeal cavity. 
However, since this first portion of the cavity of the invagination is 
bounded on both sides by the embryonic rudiment, it is definitely the 
lumen of the proctodaeum. Only later, as the involution of the 
posterior part of the germ band becomes more pronounced, is a 
portion of the extra-embryonic blastoderm drawn into the vitellus to 
form the internal (with reference to the yolk) section of the amnion 
(pl. 7, figs. 56, 59). That part of the cavity which is bounded on one 
side by the amnion is the only portion of the entire invagination which 
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belongs to the amniotic cavity alone. Its wide continuity with the 
lumen of the proctodaeum is responsible for the confusion of embry- 
ologists on this point. None of the five workers who have published 
on the embryology of fleas considers this relationship, but there is 
considerable difference of opinion among the authors who have written 
on the development of other insects possessing a partially involuted 
germ band. Weismann (1863) and Ritter (1890) both confuse the 
line of demarcation between the amniotic cavity proper and the 
proctodaeum. Other investigators working on the muscids, including 
Graber (1888b), Buttschli (1888), Voeltskow (1889), and Noack 
(1901), have made the same mistake. This error has been in the 
proper interpretation of that portion of the germ band which lies 
opposite the main part of the embryonic rudiment and which is con- 
tinuous with the amniotic membrane. The above authors agree in 
regarding this short strip as a part of the amnion, and consequently 
suppose that the amnion forms one of the walls of the proctodaeum. 
Their identification of the early stage of the proctodaeum is, never- 
theless, correct. Other workers, however, among whom are Hasper 
(1911) for Chironomus, Gambrell (1933) for Simulium, and Butt 
(1934) for Sciara, have not found the protodaeum in this early stage. 
For this reason, they all state that the stomodaeum is discernible much 
earlier than the proctodaeum. 

In the development of flea embryos, the early stages of the procto- 
daeum are less obscure, owing to the fact that observation is not 
further complicated by the tendency of the posterior portion of the 
germ band to roll into a spiral as it is in the dipterans mentioned above. 
In fleas, therefore, it is possible to follow the development of the 
proctodaeum from the time of its first appearance. This appearance is 
simultaneous with that of the stomodaeum and with the involution 
of the posterior part of the embryo. With the withdrawal of the 
posterior end of the germ band from the yolk to the dorsal surface 
of the egg, the proctodaeum already shows a tendency to become 
directed anteriorly, for at this stage it is perpendicular to the adjacent 
part of the embryonic rudiment (pl. 10, fig. 75). In respect to the 
embryo it is now pointing dorsally instead of posteriorly as before. 
The majority of the posterior mesenteron rudiment cells lie anterior 
to it (toward the posterior pole of the egg) at this stage. 

The hind-intestine of the late embryo is not a straight tube. It 
extends anteriorly from the anus to about the anterior margin of the 
sixth segment and then curves ventrally upon itself and passes pos- 
teriorly to the region of the eighth segment. Here it again turns 
sharply ventrally and anteriorly to unite with the mesenteron. The 
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elongated nature of the hind-intestine becomes evident rather early 
in development. As a consequence of this elongation, the procto- 
daeum, unlike the stomodaeum, soon becomes coiled and at some 
stages is curved somewhat laterally to the midline. This is evidenced 
by the fact that certain sagittal sections, as well as transverse ones, 
cut the proctodaeum at more than one place (pl. 11, figs. 80, 84). 
Strindberg (1917) pointed out this elongated nature of the procto- 
daeum in his brief paper on Archaeopsylla. He also notes that the 
hind-intestine is considerably thickened near the anal opening, and 
that it is one of the most conspicuous of the embryonic organs. 

Associated with the hind-intestine are the malpighian tubules. There 
are four of these formed in the flea embryo. As in other insects, they 
arise as diverticula of the proctodaeum proximal to its blind end. 
Their first evidences make their appearance rather early, in fact 
while the proctodaeum still lies perpendicular to the germ band. By 
the time the proctodaeum becomes directed anteriorly they may be 
easily seen (pl. 9, fig. 71). They grow very rapidly and soon show 
as thick-walled tubes in cross-section (pl. 3, fig. 32; pl. 11, fig. 84), 
lying laterad to the developing hind-intestine. Their blind ends remain 
free in the haemocoel. 

The mesenteron derives its inner lining from the two entodermal 
rudiments whose differentiations have been described in a previous 
section. As in the majority of insects whose embryology has been 
studied, this epithelium is entirely bipolar in origin, in contrast to the 
condition described by Strindberg (1913) for Isoptera, in which he 
says the mesenteron rudiment is single and proliferated from the entire 
length of the germ band. This same author (1917), however, derives 
the entoderm of fleas solely from an anterior and a posterior mesen- 
teron rudiment. His error in deriving these rudiments from the 
lower layer has already been pointed out. 

With the shrinkage of the yolk and the invagination of the stomo- 
daeum and proctodaeum, the two entodermal rudiments are carried 
into the interior of the embryo. At first they lie as small clumps of 
cells against the blind ends of the ectodermal invaginations which 
have pushed them inward. Because of this apposed relationship to the 
ectoderm, many workers have come to the mistaken conclusion that 
the inner lining of the midintestine is ectodermal in its derivation. 

The mesenteron rudiments, as already stated, lie slightly ventrad 
to the blind ends of the stomodaeum and proctodaeum. From each 
rudiment there is proliferated a pair of laterally placed tonguelike 
processes, those of the anterior rudiment directed posteriorly (pl. 11, 
figs. 81, 83), and those of the posterior one directed anteriorly. These 
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are the mesenteron ribbons. The ribbons of each side gradually 
approach one another and fuse, forming a complete band of entoderm 
connecting the stomodaeum and proctodaeum (pl. 11, fig. 80). The 
two bands formed in this manner then widen gradually both dorsally 
and ventrally. Their ventral growth is much more rapid than their 
dorsal expansion, and as their initial position is somewhat ventral, 
they meet and fuse ventrally first so that the closure of the ventral 
wall of the midintestine occurs considerably earlier than its dorsal 
closure. The dorsal closure is delayed until the third dorsal organ, 
composed of the massed cells of the ruptured amnion, has sunk into 
the vitellus (pl. 2, fig. 24; pl. 11, fig. 79). Then the dorsal margins 
of the widened mesenteron ribbons fuse along the dorsal midline and 
the epithelial lining of the midintestine is completed. 

The method of the enclosure of the vitellus by the cells of the 
entoderm as here described for flea embryos corresponds essentially 
to that which has been described for all other insects thus far studied, 
possessing bipolar entodermal rudiments, except Apis. In the honey- 
bee, by contrast, and according to the observations of both Grassi 
(1884) and Nelson (1915), the two mesenteron rudiments each form 
a median dorsal ribbon instead of a pair of ventrolateral ones. This 
results in the dorsal surface of the yolk being covered first. 

The final steps in the embryological development of the intestinal 
tract of fleas are the breaking through of the blind ends of the 
stomodaeum and proctodaeum to make the lumen of the digestive 
tube continuous from the mouth to the anus, and the investiture of 
the entire tract with its muscular layer. 


NERVOUS SYSTEM 


Very soon after the separation of the lower layer cells from the 
ectoderm, the neural groove appears along the entire midventral line 
of the embryo (pl. 9, figs. 69, 70). This is the first step in the devel- 
opment of the nervous system, all of which is produced by the ecto- 
derm. The neural groove makes its appearance even before the first 
manifestations of the cephalic appendages. Instead of originating by 
invagination, the neural groove appears to be produced by two longi- 
tudinal thickenings of the ectoderm, one on each side of the midline 
of the germ band (pl. 10, fig. 78), the median unthickened portion 
becoming the groove. The two ridges continue the full length of 
the germ band, one passing laterally on each side of the depression 
which marks the position of the stomodaeal invagination. They are 
continued, therefore, on the cephalic segments and unite in the head 
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region. The appearance of the neural ridges is due to the active pro- 
liferation of specialized ectodermal cells below the surface layer. 
These primary nerve cells are called neuroblasts (pl. 9, fig. 72). The 
neuroblastic thickenings along the lengths of the neural ridges consti- 
tute the so-called lateral cords. Neuroblasts are also proliferated 
from the floor of the neural groove, and these form the less prominent 
middle cord. 

With the segmentation of the germ band, all of its layers are 
affected except the entoderm. By this process the lateral nerve cords 
are metamerically constricted into segmental divisions. The superficial 
layer of ectoderm over the neuroblasts gives rise to the epidermis ; 
therefore its cells are called the dermatoblasts (pl. 9, fig. 72). The 
neuroblasts on the other hand proliferate the definitive nerve cells. 
Those of the lateral cords are particularly active in the intrasegmental 
regions where they give rise to the masses of nerve cells constituting 
the ganglia. Because of the fact that the lateral cords are paired, two 
ganglia are produced in each segment. The ganglia of successive 
somites are joined by the less thickened interganglionic portions of the 
lateral cords, the connectives. Figure 27 (pl. 3) shows the fused 
paired ganglia and their connectives in horizontal section, and like- 
wise indicates that the two ganglia of such a fused pair are trans- 
versely connected by two commissural neuropile tracts. These com- 
missures appear to be formed from ganglion cells proliferated by 
the neuroblasts of the middle cord. The paired nature of the com- 
missures of a fused ganglionic pair is shown clearly by the two neuro- 
pile tracts in each such definitive ganglion (pl. 12, fig. 85). From its 
first appearance, this middle cord is segmented into chainlike thick- 
enings of neuroblasts which correspond in position to the future 
ganglionic areas. They are strictly intrasegmental, therefore, so that 
there are no median intersegmental connections produced between 
the connectives, such as Wray (1937) describes for Calendra. In this 
respect the development of flea embryos corresponds to Schaefer’s 
(1938) observation on Phormia. The neuropile of fleas, or the central 
mass of fibrous tissue which is evident in the nerve tracts, appears to 
be composed of the attenuated ends of the ganglionic cells closely 
packed together. 

Later in embryological development, as described above, the two 
ganglia of each segment become approximated to fuse closely at the 
midline with the commissures and thus form a composite definitive 
ganglion. The connectives retain their individuality, however, thus 
preserving intersegmental evidence of the bilateral origin of the 
ventral nerve cord. 
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The above account agrees quite closely with the observations of 
Hatschek (1877) who pioneered in the embryological study of the 
nervous system of insects, and also corresponds to the writings of 
most insect embryologists. No observations were made in the present 
study on the origin of the delicate ganglionic covering, the neurilemma. 
Wheeler (1893) for Xiphidium and Eastham (1930) for Pieris are 
of the opinion that it is produced by cells of the middle cord. 

The ganglionic swellings remain evident on the surface until about 
the end of the fourth day of development. Their disappearance is 
gradual and is due to the sinking of the ganglia to a lower level (pl. 3, 
fig. 26; pl. 12, fig. 87). This sinking also serves to obliterate the 
neural groove. 

The central nervous system of a flea embryo consists of 19 pairs 
of ganglia. Figure 87 (pl. 12) shows the complete nerve chain, the 
thoracic and abdominal ganglia having retained their identity, while 
the cephalic ones are coalesced as described below. The first two of 
these go to form the greater part of the definitive brain or supra- 
oesophageal ganglion. The anterior pair, which at first forms the 
independent protocerebral lobes, soon unites to form the bilobed 
protocerebrum of the ocular segment. An apparently single com- 
missural mass connects the two halves of this neuromere. The com- 
ponent parts of the second pair of cephalic ganglia likewise fuse to 
form a bilobed neuromere which in this case is known as the deuto- 
cerebrum. It has as its function the innervation of the antennae. It 
also has a single commissure. These first two pairs of ganglia are 
the only ones of the entire nerve chain which have their origins 
anterior to the position of the stomodaeal invagination. Although 
the lateral cords continue anteriorly to this region, the proliferation 
of the ganglion cells of the protocerebrum and deutocerebrum is diffi- 
cult to follow. In this area the proliferation is very irregular. The 
origin of the commissures of these neuromeres was not determined 
definitely, but no indication of a middle cord was evident anterior to 
the stomodaeum. This last observation is in agreement with the 
account of Schaefer (1938) for Phormia. It seems, therefore, that 
the connecting cell masses do not have an independent origin in these 
cases but are produced merely by the approximation and fusion of 
their respective pairs of ganglia. 

The brain of the flea embryo, like those of other insects, includes a 
third pair of ganglia, which has a different origin from those of the 
first two segments. This pair is derived from the lateral cords just 
posterior to the stomodaeal invagination. Because of this origin, there- 
fore, the elements of this pair are to be regarded as ventral ganglia 
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which secondarily move anteriorly and dorsally to unite with the 
deutocerebrum and protocerebrum in the formation of the supra- 
oesophageal ganglion or definitive brain which lies dorsad to the 
oesophagus (pl. 12, figs. 87, 88). This ventral origin is evidenced by 
the fact that the transverse commissures (fused so as to appear one) 
pass below the oesophagus (pl. 12, fig. 86). Ventrally, they unite 
with the connectives of the most anterior of the trunk ganglia and in 
this way help to form the so-called circumoesophageal connectives. 
This third pair of cephalic ganglia appears as paired swellings lying 
immediately posterior to and below the deutocerebral lobes. These 
swellings are the tritocerebral lobes and the segment in which they lie 
is known accordingly as the tritocerebral segment. 

The fourth, fifth, and sixth pairs of ganglia belong to the gnatho- 
cephalon which includes the mandibular, the maxillary, and the labial 
segments (pl. 3, fig. 33). They are all typical ventral chain ganglia 
in their origin, each pair being united by two prominent commissures 
in the early stages. Although arising separately, these three pairs of 
ganglia ultimately fuse to form the single suboesophageal ganglion 
of the late embryo and larva (pl. 3, fig. 26; pl. 12, figs. 86, 87, 88). 

The seventh, eighth, and ninth pairs of ganglia are developed in 
the three thoracic segments. Unlike the coalesced neuromeres of the 
gnathocephalon, these preserve their identity and are distinct in the 
larva (pl. 12, fig. 87). 

The Io posterior pairs of ganglia belong to the abdominal region, 
one pair originating in each segment thereof except the most caudal 
one. During development there is a shortening of the ventral cord 
and a resultant anterior movement of these ganglia so that they do 
not all remain in the segments of their origin. The definitive number 
of abdominal ganglia present in the late embryo is eight. The first of 
these remains in the first segment, but moves to its anterior region. 
The second finally extends somewhat over into the first segment. The 
third ganglion has its final position partly in the second somite and 
partly in the third. The fourth ganglion takes up a similar position 
between the third and fourth segments. The fifth ganglion entirely 
leaves the segment of its origin and in the late embryo lies in the 
posterior region of the fourth segment, In a similar manner the 
sixth ganglion of the abdomen migrates into the posterior part of the 
fifth segment. The seventh ganglion is even less conservative, as it 
moves into the middle portion of the sixth segment. The eighth defini- 
tive ganglion of the abdomen is somewhat longer than the others of 
this region and is really a composite structure formed by the coa- 
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lescence of the last three ganglionic pairs, viz, those originating in 
the eighth, ninth, and tenth segments respectively. This eighth defini- 
tive ganglion of the late embryo lies in the anterior part of the seventh 
somite. 


COELOMIC SACS 


The segmental arrangement of the coelomic sacs characteristic of 
annelids and arthropods is manifested in the development of flea 
embryos (pl. 10, fig. 77). The lateral migration of the immigrated 
cells of the lower layer will be recalled from the account given in a 
previous section. By this migration a complete layer of mesoderm 
is formed below the ectoderm. This extends the full width of the 
germ band. Soon the extreme lateral margins of this lower layer 
become thickened to form the mesodermal bands. The mesoderm, 
like the superficial layer, is divided into metameres by the segmenta- 
tion process. In most of the mesodermal somites formed by this 
process, there is developed a pair of coelomic sacs (pl. 2, fig. 21; 
pl. 10, fig. 76). These arise as small cavities within the intrasegmental 
regions of the mesodermal bands. In flea embryos the lumina of these 
cavities are bounded by thick walls and are similar to those described 
by Heider (1889) for Hydrophilus. There is no communication 
between the sacs of adjacent segments to form mesodermal tubes 
such as Nelson (1915) found in the embryos of Apis. In regard to 
the nature of these rudimentary coelomic primordia in fleas it may 
be stated that it is intermediate between the condition manifested in 
Apis and that which occurs in many Diptera. In the embryonic 
development of the Muscidae there is no indication of coelomic sacs 
according to Graber (1889). Similarly, Gambrell (1933) and Butt 
(1934) found no coelomic cavities in the embryos of Simulium and 
Sciara respectively. Moreover, owing to the small size and the thick 
walls of the coelomic sacs occurring in fleas, these structures in the 
embryos of the Siphonaptera are very different from their homologs 
in such primitive insects as Lepisma and the Orthoptera. In all of 
these forms, Heymons (1895, 1897) discovered that the primitive 
mesodermal cavities are very extensive and possess thin walls, ap- 
proximating the type found in such lower arthropods as Peripatus. 
As in Peripatus, they extend into the appendage rudiments and ulti- 
mately the appendicular portion of each sac is constricted off, leaving 
the larger dorsal part to partake in the formation of the definitive 
body cavity. 

Heider (1889) is of the opinion that in Hydrophilus the coelomic 
sacs represent the divided original lumen of the tube formed during 
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the differentiation of the lower layer. Carriére (1890) believes these 
cavities of the mesodermal somites originate in the same manner in 
the development of Chalicodoma. According to the supposition of 
these authors, the lumen of the original tube is incompletely and 
temporarily closed by a dorsoventral compression. This closure flat- 
tens the mesoderm into two distinct layers which are said to separate 
at a later time in the regions of their lateral margins to form the 
coelomic sacs. This explanation is in harmony with their designation 
of the mesodermal tube as an elongated gastrocoel. Apparently, it 
was an attempt to parallel the derivation of the coelomic pouches from 
the archenteron, such as occurs in certain other animals, and to har- 
monize the situation with the view of Hertwig and Hertwig (1881) 
which prompted their hypothesis. Graber (1890) was not able to 
substantiate Heider’s statements as to the case of Hydrophilus, and 
the work of Carriere has not been confirmed. In the case of flea 
embryos there is no possibility of such an origin for the coelomic 
sacs even in the posterior region of the embryonic rudiment where 
a distinct mesodermal tube is formed, for the lower layer, when it 
reaches the lateral margins of the germ band, is only one cell thick. 
It is not until later that the paired mesodermal bands are produced, 
and their appearance is due to cellular proliferation of the originally 
single-layered mesoderm. In the Siphonaptera, therefore, the coelomic 
sacs arise as independent clefts in the thickened and solid lateral 
regions of the lower layer. 

The number of the pairs of coelomic sacs occurring in the embryos 
of fleas appears to be 16. The most anterior of these lies in the deuto- 
cerebral segment. No indication of their presence was observed in 
either the preantennal or the intercalary segment. It appears that 
such cavities have been detected in the preantennal segment of only 
one insect form, viz, Carausius morosus (Wiesmann, 1926), and even 
in this generalized species they are rudimentary. As for paired meso- 
dermal cavities occurring in the intercalary segment, they have been 
described in a few of the lower insects among which is Carausius 
morosus according to the work of Wiesmann cited above. 

The 15 remaining pairs of coelomic sacs which occur in flea em- 
bryos are located in the first 15 segments posterior to the stomodaeal 
invagination. Three belong to the gnathocephalon, three to the thoracic 
region, and the remaining nine pairs are found in the first nine 
abdominal somites. The lumina of the most posterior pair are very 
small and rudimentary. The last two segments of the abdomen 
appear never to produce even such rudimentary cavities. 
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LEE SbODYCAVILY 


The definitive body cavity of fleas, as in other insects, is chiefly a 
secondary one in that it is derived for the most part from the epineural 
sinus, rather than from the lumina of the coelomic sacs. The epineural 
sinus, in turn, has its origin as a space resulting from the reduction in 
size of the deutoplasmic mass as the development of the embryo 
proceeds (pl. 2, fig. 21). As the vitelline mass shrinks, it withdraws 
from the germ band, first along the midventral region, so that the 
resulting cavity lies immediately above the nerve cord. In its origin, 
therefore, the cavity is specifically epineural. Later the epineural sinus 
is extended laterally and dorsally on both sides until finally, with the 
dorsal closure of the embryo, it entirely surrounds the mesenteron 
which has formed in the meantime about the remaining yolk. The 
cavities of the relatively small coelomic sacs are added to the epineural 
sinus. The splanchnic walls of these sacs break through (pl. 10, 
fig. 78), bringing their respective lumina into communication with 
the extensive epineural sinus, thereby establishing the definitive body 


cavity (pli2) fis. 24 plan, fig. 70). 


MUSCLES 


Even in the newly hatched larva the muscles are not sufficiently 
differentiated to facilitate identification. Therefore, no attempt was 
made to study their individual embryological origins. It may be said, 
however, that they have two general sources. The muscles of the 
body wall and those which are associated with the mouthparts and 
antennae are derived from the outer or somatic mesoderm. Some of 
the body wall muscles are longitudinal in arrangement, whereas others 
are oblique. In contrast to these somatic muscles, the muscles of the 
digestive tract are derived from the splanchnic mesoderm (pl. 11, 
fig. 80). These are either longitudinal or circular, and their arrange- 
ment appears to vary with the particular enteric region in question, 
as is known to be the case in adult insects. 


FAT CELLS 


The fat cells of the flea embryo are not closely grouped to form 
compact masses such as form the fat bodies of the older larvae. 
Instead, they appear singly or as small irregular clumps of cells scat- 
tered throughout the definitive body cavity. Some of them lie dorsal 
to the dorsal diaphragm within the pericardial sinus and for this 
reason may be called pericardial fat cells. Others which lie ventral 
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to this diaphragm and within the perivisceral sinus, are the perivisceral 
fat cells. No fat cells were observed in the perineural sinus. 

The embryonic fat cells of fleas are very similar to the adipose cells 
of the higher animals. They appear to become distended with oil at 
a very early age. As in the adipose cells of mammals, the nucleus is 
displaced to the surface where it appears like the set in a ring. This 
condition differs from the observations of Nelson (1915) on the newly 
hatched larva of the honeybee in which form the fat cells only occa- 
sionally were found to possess a minute fat globule. 

The embryonic origin of the irregularly placed fat cells in the flea 
embryo is difficult to follow in detail. They are definitely mesodermal 
derivitives, however. From their positions, it appears that the peri- 
cardial fat cells come from the somatic layer, whereas the peri- 
visceral ones are derived from the splanchnic mesoderm adjacent to 
the developing enteric muscles. 


CIREULATORY SsyvSiEM 


The circulatory system of the flea larva is composed of the dorsal 
blood vessel (heart) and the various sinuses of the haemocoel. The 
dorsal blood vessel is one of the last structures to be formed. It is 
derived, as in other insect embryos, from cells which are known as 
cardioblasts. At the time of their first appearance, they constitute a 
pair of narrow longitudinal bands, one band located dorsolaterally on 
each side of the body along the line of junction between the somatic 
and splanchnic portions of the mesoderm. With the dorsal growth 
of the mesoderm and the corresponding extension of the body cavity 
as the vitelline mass shrinks away from the upper surface of the 
egg, the cardioblastic bands gradually approach one another and 
ultimately meet along the dorsal midline. The apposition of the 
splanchnic mesoderm to the surface of the already completed mid- 
intestine epithelium is simultaneous with this process. Some time 
before the two heart-forming bands of cells unite, these become 
separated from the enteric muscle-producing portion of the meso- 
derm. The cardioblasts never lose their connection with the somatic 
mesoderm, however. The actual union of the two cardioblastic bands, 
to form the dorsal blood vessel, occurs shortly afterward. This tube 
extends well into the head region. 

The open portion of the circulatory system in the flea larva is 
similar to that of other forms. It consists of the definitive haemocoel 
which is formed from the completed and partially partitioned epi- 
neural sinus plus the coelomic sacs. This partitioning takes place by 


56 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


the formation of two indistinct horizontal septa. The dorsal dia- 
phragm is produced by the somatic mesoderm which, as stated above, 
remains attached to the cardioblastic strands. The ventral diaphragm, 
which is even less distinct than its dorsal counterpart, appears to be 
developed from the ventral somatic mesoderm. 

Like the other structures of the circulatory system, the haematocytes 
of flea embryos appear to be mesodermal in origin. They are all 
nucleated cells. Wigglesworth (1934) is of the opinion that haemato- 
cytes may play a part in the organogenesis of insects by producing 
connective tissue membranes to cover the internal organs. In the case 
of flea development the enclosing membranes, of the gonads at least, 
are not formed in this manner. 

The embryonic blood cells in fleas seem to take their origin by pro- 
liferation from the intermediate mesoderm between the longitudinal 
mesodermal bands. Snodgrass (1935) suggests, however, that because 
of their later phagocytic and digestive activities, it is possible that the 
haematocytes of insects are really derived from the intermediate strand 
of entoderm which is differentiated in some insects such as the 
Isoptera (Strindberg, 1913). If this supposition is correct, they are 
to be regarded as genetically related to the secondary trophonuclei and 
the epithelial cells of the mesenteron. 


GONADS 


The origin of the germ cells and their migration to the epineural 
sinus has been described in a previous section. Having arrived in the 
region of the fifth abdominal segment, the germ cells, now gonia, 
become apposed to the inner surface of the splanchnic mesoderm to 
form two groups of cells, one on each side of the body. With the 
rupture of the coelomic sacs.and the inward movement of the splanch- 
nic mesoderm toward the mesenteron the germ cells are carried along 
farther toward the interior. Then again, with the dorsal migration of 
the cardioblasts and until the separation of the splanchnic mesoderm 
from the cardioblastic bands, the clumps of germ cells are moved 
somewhat dorsally. During these changes in position the sex cells on 
each side become enclosed by a covering of the splanchnic mesodermal 
cells with which they are associated (pl. 12, fig. 89). These covering 
cells gradually become flattened to form the follicular epithelium cf 
the gonad. Posteriorly, splanchnic mesodermal cells, similar to those 
which form the epithelial envelope, differentiate into a strand which 
is continuous with the gonad (pl. 12, fig. 90). This tube is the anlage 
of the oviduct or vas deferens depending upon the sex of the larva. 
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There is some variation as to the definitive position of the gonads in 
the flea larva. During development, the body of the sex organ is 
observed to lie in parts of three different segments. These are the 
fourth, fifth, and sixth abdominal segments. The definitive larval 
gonads lie in one of these somites. Lass (1905) says that the larval 
ovaries are located in the sixth abdominal segment whereas the testes 
are situated further anterior. If his differentiation is correct, it may 
be assumed that the gonad anlagen of the female contract to form 
the larval ovaries which are restricted to the sixth abdominal seg- 
ment. Likewise, the anlagen cf the testes contract to occupy positions 
anterior to their female counterparts. These are in the region of the 
fourth abdominal segment. 


TRACHEAL SYSTEM 


The tracheae of fleas, like those of other insects, arise as paired 
invaginations of the ectoderm. These are segmental in arrangement. 
They first become evident about the time the coelomic sacs make their 
appearance and while the neural groove is still open (pl. 2, fig. 28). 
They are situated near the lateral margins of the germ band. The 
mouths of the invaginations ultimately become the spiracles, while 
the invaginations themselves deepen, branch, and anastomose to form 
the complex respiratory system of the larva. A longitudinal section 
along one of the tracheae is shown in figure 30 (pl. 2). The definitive 
number of spiracles found in the fully developed flea embryo is 10 
pairs. These are located on the prothorax, the metathorax, and the 
first eight abdominal segments. All of them arise in their definitive 
position except the first, which originates on the mesothorax and 
migrates to its larval position during embryonic development. Its 
position near the posterior margin of the prothoracic segment is 
indicative of its mesothoracic origin. Evanescent tracheal invagina- 
tions, such as have been observed in Leptinotarsa (Wheeler, 1889) 
and Calendra (Wray, 1937), originating in the prothoracic segment, 
were not found in the flea embryo. Likewise, no transitory tracheal 
pits corresponding to those described by Nelson (1915) as occurring 
on the labial segment of the embryo of Apis were discovered in this 
study. Tracheal invaginations of a rudimentary nature, arising on 
abdominal segments posterior to the eighth like those reported in 
Lepisma (Heymons, 1897), Leptinotarsa (Wheeler, 1889), and Ca- 
lendra (Wray, 1937), also appear to be lacking in the development of 
fleas. 
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OENOCYTES 


These cells, whose function is as yet not definitely known, have 
been observed in a number of insect forms. In flea embryos they are 
enormous in size in comparison to the other cells about them (pl. 2, 
fig. 30). Their nuclei are large, regular, and oval. The origin of the 
oenocytes has been traced in Melolontha, Lina, and Hydrophilus by 
Graber (1891). He found that in the embryos of these beetles the 
oenocytes arise from paired metastigmatic invaginations of the ecto- 
derm. Wheeler (1892) found similar invaginations in Blatta and 
Xiphidium, but is of the opinion that they are of minor importance 
in the differentiation of these cells. He also studied the origin of the 
oenocytes in a wide variety of embryos including representatives of 
the Hemiptera, the Ephemerida, the Neuroptera, and the Lepidop- 
tera. In these forms, metastigmatic invaginations were not found 
and the oenocytes were observed to arise by simple delamination from 
the lateral ectoderm. During the present study oenocytes were seen 
in several stages of development in the flea embryo. As in Blatta and 
Xiphidium, the oenocytes arise in fleas from the lateral ectoderm of 
the anterior region of the abdomen, and metastigmatic invaginations 
are differentiated. When first proliferated, the oenocytes are similar 
in size and appearance to the other ectodermal cells. They grow 
rapidly, however, and soon become readily distinguishable. They 
were observed only in the abdominal region where they are frequently 
associated with the cells of the fat body within the body cavity. They 
often lie adjacent to tracheal invaginations. 


OTHER ECTODERMAL DERIVATIVES 


In addition to the ectodermal derivatives which have been discussed 
already, the ectoderm gives rise to a number of other structures which 
have not been considered in detail during this study. These include 
the epidermis (hypodermis), the tentorium and apodemes of the 
endoskeleton, the corpora allata, the labial (salivary) glands, the silk 
glands, and the anlagen of the posterior portions of the genital tract. 
The ectodermal origin of these structures in fleas is in agreement with 
the work done on other insects. 

In regard to the epidermis it may be added that this layer of the 
body wall is derived from what remains of the ectoderm in its super- 
ficial embryonic position after all the invaginations and delaminations 
to form the internal ectodermal organs have occurred. Furthermore, 
in flea development, no extra-embryonic dorsal sheet of ectoderm, 
such as Nelson (1915) describes for Apis, is differentiated. The 
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cuticula makes its appearance during the sixth or final day of develop- 
ment. This forms a sclerotized covering, the exoskeleton of the larva. 
It is secreted by the cells of the epidermis, and, as it is impermeable, 
its presence becomes manifest in attempts to stain late embryos for 
whole mounts. Unhatched larvae, after being kept in alcoholic borax 
carmine for several days, remained absolutely unstained except for a 
light coloration of the ectodermal regions of the digestive tract. This 
coloration was apparently due to seepage of the stain through the 
mouth and anal openings. 

The setae also appear during the final day of embryonic develop- 
ment. As in other insects, they are produced as elongated hardened 
processes of certain of the epidermal cells. 

The hatching spine of the flea embryo likewise makes its appearance 
during the final day of development. It, too, is a secondary epidermal 
structure and occurs as a sharp ridge located on the middorsal line of 
the head (pl. 3, fig. 31). 


HATCHING 


Unlike certain other insects such as Leptinotarsa (Wheeler, 1889), 
Lina (Graber, 1877), the Neuroptera (Smith, 1922), and Tenebrio 
(Sikes and Wigglesworth, 1931), the flea larva is not invested in a 
cuticular envelope at the time of hatching. 

The normal hatching process of fleas has been described by Sikes 
and Wigglesworth (1931) and agrees in most points with the observa- 
tions made during this study. Late in the last or sixth day of its life 
within the egg shell, the now fully differentiated larva expands to 
fill completely the lumen of the egg. This increase in size is due to 
a distention of the larva brought about by its swallowing the amniotic 
fluid. Since the withdrawal of the serosa and amnion into the vitellus 
prior to the dorsal closure, the amniotic fluid has filled the space 
between the vitelline membrane and the embryo. The ingestion of this 
fluid may be observed clearly through the relatively transparent 
chorion of Ctenocephalides felis. When the larva swallows the amni- 
otic fluid its spiracles become exposed to the air, and following this 
exposure the liquid contents of the tracheal system is absorbed and 
air takes its place. After a time the larva begins to move about within 
the egg, and it is at this point that the hatching spine which has been 
described above comes into use. The spine acts as a can-opener and 
in due time normally pierces both the vitelline and chorionic mem- 
branes. As it moves about inside the shell, the larva ordinarily travels 
in a longitudinal direction. Almost always, therefore, the slit made 
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by the hatching spine is longitudinal. If the larva happens to cut such 
a slit along one entire side of the egg between the curvatures of the 
poles, it is able to crawl out. If, however, the hatching spine slips out 
of the cut and the slit in the chorion is too small to allow an escape, 
muscular contractions of the larva’s body may be used to tear the 
shell open far enough to allow an escape. The hatching spine of fleas 
is definitely a part of the first instar larval cuticula and is retained, 
consequently, until the first ecdysis. 


SUMMARY 


Ctenocephalides felis (Bouché), Nosopsyllus fasciatus (Bosc.), 
and Hvystrichopsylla dippiet Roths. are the species studied. Except 
for variations in the external characteristics of the eggs, no specific 
differences were observed. 

Satisfactory sections of the eggs at all stages of development were 
obtained by the use of a double imbedding combination technique 
involving modifications of Boycott’s clove oil celloidin and Wall’s hot 
celloidin methods. Tertiary butyl alcohol was used for all dehydration 
series. 

The eggs are centrolecithal. The periplasm of the egg is reached by 
spermatozoa by means of micropylar openings which are arranged 
in circular areas, one at each pole. 


Maturation of the female pronucleus occurs in the anterior peri- ” 


plasm. Syngamy occurs in the central region of the egg, as a rule 
somewhat toward the anterior pole. The periplasm is very thin except 
at the posterior pole where it is widened to form the posterior polar- 
plasmic cap. An inner protoplasmic reticulum is continuous with the 
periplasmic layer and ramifies throughout the vitellus. 

Cleavage is meroblastic peripheral. The periplasm is first supplied 
with nuclei following the seventh cleavage division. The nuclei usually 
reach the periplasm at all points simultaneously. Four blastema sub- 
stages are recognized. Blastulation consists of the delimitation of 
the nucleated periplasm of the last blastema substage into cell terri- 
tories. Three blastula substages are evident. The second blastula 
substage is produced by a concentration of cells toward the ventral 
surface. The third blastula substage follows the eleventh mitotic divi- 
sion which involves only the cells of the thickened blastoderm, thus 
producing the anlage of the ventral plate. Cell accumulations produced 
by emigration from the blastoderm appear near the anterior and 
posterior extremities of the ventral plate. These are the mesenteron 
rudiments. 


aa 
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The trophonuclei have two origins. The primary trophonuclei are 
formed from cleavage nuclei which remain within the vitellus when 
the first blastema stage is produced. The secondary trophonuclei are 
derived from cells which return into the vitellus from the blastoderm 
or mesoderm of the germ band. Secondary yolk cleavage does not 
occur. 

Posterior polar granules are not evident. The germ cells are poly- 
nuclear in origin. Their number varies from 5 to 12 in different eggs. 
The first protoplasmic pockets appear at the posterior pole during the 
first blastema substage. The germ cells produced thereby complete 
their constriction during the second blastema substage. More lateral 
ones may be somewhat delayed. The germ cells reenter the egg before 
blastulation. 

The mesoderm originates by three methods. In the anterior third 
of the germ band this is by simple emigration of cells from the blasto- 
derm. In the middle region a shallow median longitudinal groove 
assists in the process. Along the sharp bend of the germ band, where 
the embryonic rudiment is involuted into the vitellus, the groove is 
transformed into an invaginated mesodermal tube. In the short region 
between the section of tube formation and the posterior mesenteron 
rudiment, a simple groove is again produced. Along the short length 
of the germ band which is carried around the terminus of the in- 
vaginating proctodaeum, the mesoderm is again formed by simple 
emigration. 

The germ band is partially superficial and partially involuted at 
the time of mesodermal differentiation. The amnion and serosa are 
formed by the overgrowth and fusion of the amnio-serosal folds, aided 
in the posterior region by the involution process. Both embryonic 
membranes disappear before eclosion, the serosa first and the amnion 
later, each rupturing and forming a dorsal organ. The dorsal organs 
are absorbed by the vitellus. 

The growth and movements of the germ band or embryo are as 
follows. The formation of the ventral plate occurs on the first day of 
development. Involution of the posterior portion of the embryonic 
rudiment takes place on the second day. Withdrawal of the involuted 
section of the germ band follows during the first part of the third 
day. The anterior and posterior extremities lie close together on the 
dorsal surface at this stage. On the fourth day the embryo shortens 
toward the poles of the egg. On the fifth day it flexes ventrally and 
begins to lengthen. This elongation is continued during the sixth or 
final day of development so that the extremities coil upon themselves, 
one on either side of the middle portion of the body. 
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Segmentation becomes externally evident during the latter part of 
the third day of development. The early distinguishable procephalic 
lobes form three segments: the labral, the antennal, and the inter- 
calary. The protocormic region gives rise to 17 segments. The first 
three are the gnathal segments and the next three are those belonging 
to the thorax. The remaining 11 form the abdomen. 

The digestive tract arises partly from anterior and posterior invagi- 
nations of the ectoderm. These are the stomodaeum and proctodaeum 
respectively. They grow toward each other pushing the mesenteron 
rudiments before them. The proctodaeum arises in conjunction with 
the amniotic cavity. The stomodaeal invagination produces the fore- 
intestine and the proctodaeal invagination gives rise to the hind- 
intestine. The anterior and posterior mesenteron rudiments each 
proliferate to form two lateroventral ribbons. The mesenteron ribbons 
of each end grow toward and ultimately fuse with those of the opposite 
end. They also widen until they completely enclose the remaining 
yolk mass, thus forming the epithelium of the midintestine. The 
ventral completion of this lining is accomplished first, dorsal closure 
being delayed until after the absorption of both dorsal organs. The 
four malpighian tubules develop as diverticula of the proctodaeum. 
They are evident by the end of the third day of development. 

The central nervous system arises from two lateral cords, one 
below each neural ridge, and from a middle cord which is located 
below the neural groove. Two pairs of ganglia, the protocerebral and 
deutocerebral, form anterior to the stomodaeum. A third pair, the 
tritocerebral, originating posterior to this invagination, moves forward 
and fuses with the first two pairs to form the definitive brain or supra- 
oesophageal ganglion. The three pairs of ganglia which originate in 
the gnathal segments coalesce to produce the suboesophageal ganglion. 
The three thoracic ganglia remain distinct. Of the 10 abdominal 
ganglia, the last 3 fuse to form one definitive ganglion. The nerve 
cord shortens in the late embryo so that not all of the abdominal 
ganglia lie in the segments of their origin. 

Sixteen pairs of coelomic sacs are formed. They arise in the intra- 
segmental portions of the mesodermal bands, one pair in the deuto- 
cerebral segment and in each of the first 15 segments posterior to the 
stomodaeal invagination. These sacs are thick-walled and possess 
small lumina. They soon break open and join their cavities to the 
epineural sinus to form the definitive body cavity or haemocoel. 

The gonads are prominent embryonic organs. They are produced by 
the formation of a splanchnic mesodermal sheath about the gonial 
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cells which have separated into two groups and migrated laterally and 
anteriorly during the development of the embryo. The gonads lie in 
abdominal segments four to six. A mesodermal strand, the genital 
duct anlage, passes posteriorly from the body of the gonad. 

Other mesodermal derivatives are the muscles, fat cells, haemato- 
cytes, and the limiting walls of the circulatory system. From the 
ectoderm are derived such additional structures as the tracheae and 
tracheoles, the oenocytes, the endoskeleton, the labial and sill glands, 
the corpora allata, parts of the genital tract, and the epidermis together 
with its secondary structures such as the cuticle, the setae, and the 
hatching spine. 

Hatching occurs after 6 days of development under the temperature 
and relative humidity standards followed in this study. After swal- 
lowing the amniotic fluid, the young larva escapes from the egg 
through a slit in the shell made either by the hatching spine alone or 
by this spine aided by muscular contractions of the body. 
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EXPLANATION OF PLATES 
PLATE I 


Fic. 1. The micropylar apparatus at the posterior pole of an egg of Nosopsyllus 
fasciatus showing a tendency toward a spiral arrangement of the 
openings. X 200. 

Fic. 2. Longitudinal section through a portion of the chorion at one end of an 
egg of Hystrichopsylla dippiei showing the volcanolike raised pro- 
cesses and the thick rigid shell of this species. > 250. 

Fic. 3. Transverse section through a Ctenocephalides felis egg in the third 
blastema substage. Enlargements of this section are shown in 
figures 10 and II. XX Ioo. 

Fic. 4. Margin of a section of a Ctenocephalides felis egg in the first blastema 
substage showing the vitelline spheres with their contained re- 
fringent vitelline bodies. Two nuclei may be seen in the periplasm. 
X 450. 

Fic. 5. Margin of a section of a Ctenocephalides felis egg in the second blastema 
substage. This is an enlargement of a portion of the section shown 
in figure 40. XX 450. 

Fic. 6. Posterior margin of a section of a Ctenocephalides felis egg in the 
second blastula substage showing the transition from the thinned 
dorsal blastoderm to the thicker ventral blastoderm. <A _ sagittal 
section through an entire egg at this stage is shown in figure 50. 
X 450. 

Fic. 7. Longitudinal section through a Ctenocephalides felis egg in the first 
blastula substage.  I00. 

Fic. 8, Anterior margin of a section of a Ctenocephalides felis egg in the 
fourth blastema substage showing the nuclei crowded together in 
the periplasm. X 450. 
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Enlargement of a portion of the section shown in figure 7 demonstrating 
the division of the periplasm into cell territories. >< 450. 

Enlargement of a portion of the section shown in figure 3. Four 
nuclei may be seen in the periplasm. 450. 

Similar to figure 10. X 450. 

Longitudinal section through the anterior half of a Ctenocephalides 
felis egg in a stage just prior to syngamy showing one polar body 
(PB) lying in the periplasm and the sperm (SN) and egg (EN) 
nuclei among the vitelline spheres. Only one more nucleus, the other 
polar body, showed in sections made from this egg. X 400. 

Portion of a section through a Nosopsyllus fasciatus egg before 
cleavage showing the effect of Heidenhain’s iron haematoxylin on 
the vitelline spheres. Some of the strands of the protoplasmic 
reticulum may be seen between these black spheres. & 400. 


PLATE 2 


Sagittal section through an egg of Ctenocephalides felis showing the 
early formations of the mesenteron rudiments. The flattening of the 
germ band at the posterior pole, the first step in the formation of the 
posterior mesenteron rudiment, is clearly demonstrated. The begin- 
ning of the anterior mesenteron rudiment may be seen as a slight 
thickening of the germ band just ventral to the anterior pole. 
An enlargement of the posterior portion of this section is shown in 
figure 51. > 100. 

Portion of the anterior margin of a Ctenocephalides felis egg showing 
the anterior mesenteron rudiment at a stage slightly later than that 
shown in figure 16. As yet there is no indication of the amnio- 
serosal fold. X 450. 

Portion of the anterior margin of a Ctenocephalides felis egg showing 
the anterior mesenteron rudiment at the beginning of its formation. 
This stage corresponds to that shown in figure 14. > 450. 

Transverse section through the anterior third of the germ band of a 
Ctenocephalides felis egg at a stage somewhat later than that shown 
in figure 61, showing formation of the mesoderm by simple emigra- 
tion of cells from the blastoderm. The embryonic membranes have 
completed their formation above the germ band at this stage. 
X 400. 

Horizontal section through a Ctenocephalides felis egg cutting the germ 
band through the procephalic lobes at the anterior end and through 
the region of mesodermal formation by the differentiation of a 
distinct tube at the posterior pole. The amniotic cavity is apparent 
above the tube.  X I00. 

Enlargement of the posterior portion of the section shown in figure 18. 
This section is similar to that which is shown in figure 65. > 400. 
Horizontal section through a Ctenocephalides felis egg at a stage 
similar to that shown in figure 18 but at a somewhat more dorsal 
level. The procephalic lobes show to better advantage in this 
section. The plane of the cut follows the amnio-proctodaeal cavity 
for a short distance where the tail of the embryo turns into the 

vitellus at the posterior pole of the egg. X 100. 
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Transverse section through the germ band of a Nosopsyllus fasciatus 
egg at the level of one of the pairs of coelomic sacs (CS). The 
epineural sinus is also shown, forming as a space between the 
embryonic band and the receding yolk mass. 400. 

Transverse section through the procephalic lobes of a Ctenocephalides 
felis embryo showing details of the anterior region of the amniotic 
cavity together with the cellular nature of the amniotic and serosal 
membranes which cover it. X 450. 

Portion of a sagittal section through a Ctenocephalides felis egg with 
the anterior amnio-serosal fold beginning to form. The anterior 
mesenteron rudiment, at a stage a little later than that shown in 
figure 15, may be seen to the left of the fold. > 400. 

Transverse section through a Ctenocephalides felis embryo just prior 
to dorsal closure. The cells of the third dorsal organ may be seen 
sinking into the vitelline mass. At the left a portion of the definitive 
body cavity is evident. This section is at a stage similar to that 
shown in figure 79. X 450. 

Portion of a sagittal section through a Ctenocephalides felis egg at a 
stage a little later than that shown in figure 54. The amniotic mem- 
brane with its attenuated cells, the anterior mesenteron rudiment, the 
ectoderm, and the mesodermal layer are all clearly shown. > 400. 


PLATE 3 


Parasagittal section of a Ctenocephalides felis embryo during the fifth 
day of development showing the body curved ventrally. At this 
plane the supraoesophageal and suboesophageal ganglia are con- 
nected by one of the circumoesophageal connectives. The ganglionic 
thickenings of the ventral nerve cord are no longer evident on the 
surface. x I00. 

Horizontal section through a portion of the ventral nerve cord of a 
Ctenocephalides felis embryo showing the paired ganglia fused to 
form definitive ganglia. In two of these ganglia the two cross- 
commissural neuropile tracts are demonstrated. The interganglionic 
connectives are also shown. X 450. 

Portion of a transverse section through a Nosopsyllus fasciatus embryo 
showing a tracheal invagination in longitudinal section. > 450. 

Portion of a sagittal section through a Ctenocephalides felis embryo 
cutting the proctodaeum in longitudinal direction. This stage is a 
little later than that shown in figure 35. > 450. 

Section along a tracheal invagination of Hystrichopsylla dippiei show- 
ing two large oenocytes lying adjacent to its wall. In this section a 
metastigmatic invagination parallels the tracheal invagination for 
a short distance. 300. 

Transverse section showing a portion of the head of a late embryo 
of Hystrichopsylla dippiei. The developing hatching spine is a 
prominent structure. X 250. 

Transverse section through the proctodaeum of a Nosopsyllus 
fasciatus embryo showing the four developing malpighian tubules. 
xX 400. 
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Sagittal section through the head of a Ctenocephalides felis embryo 
showing the blind end of the stomodaeum at this stage. Below the 
stomodaeum, the three fused ganglia of the gnathocephalon are 
demonstrated. > 450. 

Sagittal section through the stomodaeum of a Ctenocephalides felis 
embryo. X 450. 

Sagittal section through the proctodaeum of a Ctenocephalides felis 
embryo at a stage somewhat younger than that from which figure 29 
was made. X 450. 

Portion of a section through a Ctenocephalides felis embryo at a stage 
somewhat older than that from which figure 35 was made. The 
proctodaeal invagination is considerably deeper in this stage. 


PLATE 4 


Section through the middle anterior region of a Ctenocephalides felis 
ege showing the male and female gametic nuclei fusing in syngamy. 
Their peripheral processes are continuous with the reticular 
protoplasm which ramifies throughout the egg. > 400. 

Section through the middle anterior region of a Ctenocephalides felis 
egg at a stage immediately following syngamy. The star-shaped 
zygotic nucleus lies in the center of the field. The complete section 
from which this enlargement was made is shown in figure 39. The 
vitelline spheres and their enclosed vitelline bodies show very clearly. 
xX 400. 

Longitudinal section through an unsegmented egg of Ctenocephalides 
felis showing the zygotic nucleus lying in the middle anterior region 
of the vitellus. This nucleus is shown enlarged in figure 38. The thin 
chorion of this species shows clearly in this section. XX 115. 

Longitudinal section through a Ctenocephalides felis egg in the second 
blastema substage of development. As is usual in early-stage prepara- 
tions, the nuclei are only faintly visible. > 115. 

Longitudinal section through a Ctenocephalides felis egg in the third 
blastema substage of development, showing the nuclei’in the peri- 
plasm. XX 115. 

Longitudinal section through the same egg as that from which figure 41 
was made, showing three germ cells lying outside the egg at:the 
posterior pole. These cells are shown enlarged in figure 46. > II5. 


PLATE 5 


Posterior portion of a longitudinal section through a Ctenocephalides 
felis egg prior to cleavage, showing the periplasm widened at the 
posterior pole to form a distinct cap, the posterior protoplasmic cap. 


X 400. 

Longitudinal section through the posterior region of a Ctenocephalides 
felis egg in the first blastema substage of development, showing four 
germ nuclei in the periplasm at the posterior pole. > 400. 


NO. 3 


Fic. 45. 


Fic. 46. 


Fic. 47. 


Fic. 48. 


FIc. 40. 


Fic. 50. 


FIG. 51. 


Bren52} 


Hires 53: 


Fic. 54. 


EMBRYOLOGY OF FLEAS——-KESSEL iS 


Longitudinal section through the posterior region of a Ctenocephalides 
felis egg at a stage immediately following that shown in figure 44, 
showing three germ cells bulging out preparatory to constriction. 
The granular appearance of the interior of the egg and of a part of 
the germ-cell cytoplasm is possibly due to Blochmann’s corpuscles. 
xX 500. 

Posterior portion of the section shown in figure 42, showing primordial 
germ cells which have been extruded from the egg mass at the 
posterior pole. They lie between the periplasm and the vitelline 
membrane. X 400. 

Longitudinal section through the posterior region of an egg of 
Ctenocephalides felis, also in the third blastema substage of develop- 
ment. Six germ cells are shown at the posterior pole, lying outside 
of the periplasm. > 400. 

Longitudinal section through the posterior region of a Ctenocephalides 
felis egg in the first blastula substage of development. The peri- 
plasm is distinctly divided into cell territories. This section also 
shows a small group of germ cells which have reentered the egg 
and are lying just within the blastoderm.  4o0. 


PLATE 6 


Longitudinal section through a Ctenocephalides felis egg in the fourth 
blastema substage of development. The full quota of first blastula 
substage nuclei is present but the cell territories characteristic of 
the blastula stage have not been delimited. > 115. 

Sagittal section through a Ctenocephalides felis egg in the second 
blastula substage showing the crowding of the cells toward the 
ventral midline which is the first step in the formation of the 
ventral plate. The thinned dorsal region and the thickened ventral 
region are clearly distinguishable. 115. 

Posterior portion of the section shown in figure 14, showing the 
flattening of the posterior pole of the germ band, the first step in 
the formation of the posterior mesenteron rudiment. A group of 
germ cells may be seen lying inside this flattened region. > 400. 

Transverse section through the germ band of Ctenocephalides felis 
showing the beginning of the formation of the paired lateral amnio- 
serosal folds. > 400. 

Sagittal section through the anterior region of a Ctenocephalides felis 
egg in a stage slightly more advanced than the one shown in figure 
23. The anterior amnio-serosal fold and the anterior mesenteron 
rudiment are both very clearly shown as is also the shallow pit at 
the point of emigration of the mesenteron rudiment cells. The 
chorionic and vitelline membranes also show to advantage in this 
figure. X 400. 

Sagittal section through the anterior region of a Ctenocephalides felis 
ege at a stage somewhat more advanced than that shown in figure 53, 
showing the double nature of the amnio-serosal fold which has 
grown farther posteriorly. The ectoderm has entirely closed over the 
pit which existed above the mesenteron rudiment. > 400. 
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PLATE 7 


Whole mount of a Ctenocephalides felis embryo dissected from the 
egg early in the third day of development. The germ band is unseg- 
mented and the tail region is not entirely withdrawn from the 
vitellus. At this stage the embryo consists of two general regions, 
an anterior one widened to form the procephalic lobes and a 
posterior unwidened one forming the protocormic region. X IIS5. 


Sagittal section through a Ctenocephalides felis egg at a stage slightly 
younger than the one shown in figure 55 and corresponding to the 
stage shown in figure 54. The posterior amnio-serosal fold grows 
more rapidly than its anterior counterpart and may here be seen 
approaching the midventral region of the egg. This stage illustrates 
the maximum involution of the caudal region with the amnio- 
proctodaeal cavity lying at the center of the vitellus. It also shows 
how the germ band is carried around the inner extremity of this 
lumen. X II5. 


Horizontal section through a Ctenocephalides felis egg in the same 
stage of development as that shown in figure 55. The germ band is 
cut transversely in three places, at the anterior end through the 
procephalic lobes, at the middle of the egg through the tail where 
the embryonic rudiment rounds the amnio-proctodaeal cavity, and 
at the posterior end of the egg where the tail piece was originally 
invaginated into the vitellus. The amniotic and serosal membranes 
are complete and show at both poles of the egg.  II5. 


Section through a Ctenocephalides felis egg showing the involuted 
posterior portion of the germ band in transverse section at a plane 
posterior to the posterior mesenteron rudiment and at the center 
of the egg. The mesodermal cells may be seen migrating inward 
from the blastoderm. The lumen shown is the inner extremity of 
the amnio-proctodaeal cavity. 400. 


Sagittal section through the posterior region of the germ band of 
Ctenocephalides felis at a stage similar to that shown in figures 56, 
58, and 60. The posterior mesenteron rudiment cells are to be seen 
lying below the ectoderm adjacent to the posterior terminus of the 
amnio-proctodaeal cavity. > 400. 

Parasagittal section similar to the sagittal one shown in figure 59. 
xX 400. 


Pate 8 


Transverse section through the germ band of Ctenocephalides felis 
at a point between the anterior amnio-serosal fold and the anterior 
mesenteron rudiment showing mesoderm formation by simple 
emigration of cells from the blastoderm. > 400. 


Transverse section through the germ band of Ctenocephalides felis 
at a point in the anterior portion of its second third in that region 
of the embryonic rudiment where mesoderm formation is by the 
migration of cells from the blastoderm together with the formation 
of a groove. X 400. 
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Transverse section through the middle portion of the germ band of 
Ctenocephalides felis where the method of mesoderm formation is 
similar to that described for figure 62. > 400. 

Transverse section through the germ band of Ctenocephalides felis 
at a point in the posterior extremity of the second-third region, show- 
ing mesoderm formation by cellular migration following shallow 
groove formation. The regular course of the mesodermal cells as 
they move laterally below the ectoderm is also shown. That this 
stage is somewhat later than that shown in figures 62 and 63 is 
indicated by the fact that the amnion is formed and that the ectoderm 
has closed over the point of emigration of the mesodermal cells, 
thereby practically eliminating the groove. X 400. 

Posterior portion of a horizontal section through a Ctenocephalides felis 
egg showing the germ band cut transversely at a point just anterior 
to the region of its involution into the vitellus. This figure illustrates 
mesodermal differentiation by the formation of a distinct tube and 
also shows the amniotic cavity in the region where it is about to be 
transformed into the amnio-proctodaeal cavity. The amnion and 
serosa are clearly indicated ventral to the amniotic cavity. This 
section corresponds to that shown in figure 19. X 400. 

Transverse section through the germ band of Ctenocephalides felis 
at a level slightly posterior to that shown in figure 65 and at a 
somewhat later stage. The mesodermal tube is compressed and its 
lumen is obscured. The amnio-proctodaeal cavity and the amnion 
are both clearly shown, and some of the attenuated cells of the 
serosa may be seen lying against the surface of the vitellus. A 
region of deutoplasm consequently separates the two embryonic 
membranes. > 400. 


PLATE 9 


Transverse section through the anterior region of the germ band of 
Ctenocephalides felis in that part which is differentiating into the 
procephalic lobes. The haphazard lateral progress of the meso- 
dermal cells is shown. The amniotic cavity, amnion, and serosa 
may be seen above the germ band. > 400. 


Transverse section through the procephalic lobes of Ctenocephalides 
felis at a stage somewhat later than that shown in figure 67. X 400. 


Transverse section through the middle region of the germ band of 
Ctenocephalides felis showing the arrangement of the mesodermal 
cells at the completion of their migration from the blastoderm. The 
neural groove is beginning to form. > 400. 


Transverse section through a Ctenocephalides felis egg showing the 
germ band cut at two places. The completed amniotic and serosal 
membranes appear above the upper section. In both sections the 
neural groove and the layer of mesodermal cells lying below the 
ectoderm may be seen. X 375. 
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Sagittal section through the posterior region of the germ band of a 
Ctenocephalides felis embryo showing the lumen of the proctodaeum 
together with two diverticula at its inner end representing the 
beginnings of two of the malpighian tubules. > 400. 


Transverse section through the germ band of a Ctenocephalides felis 
embryo showing the early differentiation of the ventral nerve cord. 
The neural groove is shown at the middle of the band and to the left 
of this groove, just below the ectoderm, several neuroblasts may be 
seen. These neuroblasts are larger and rounder than the mesoderm 
cells which lie below them. The elongated ectodermal cells are 
dermatoblasts. >< 400. 


PLATE 10 


Whole mount of a Ctenocephalides felis embryo dissected from the 
egg after 3 days of development, when withdrawal of the tail from 
the deutoplasm is complete. Both the anterior and the posterior 
extremities of the germ band have grown around their respective 
poles of the egg and approximate each other on the dorsal surface. 
The segmentation is distinct. > 115. 

Parasagittal section of a Ctenocephalides felis embryo at a stage 
similar to that shown in figure 73. Segmentation is distinct. The 
oral appendages appear in order: labral, mandibular, maxillary, 
and labial. Because of the parasagittal plane of the section, the 
stomodaeum does not show, and on the maxilla is an apparent 
ventral projection. A deep cleft separates the maxilla from the 
labium. The three thoracic segments follow the labium and posterior 
to these come the abdominal segments. The eleventh abdominal 
segment has already been carried in from the surface by the 
invagination of the proctodaeum. > II5. 


Sagittal section through a Ctenocephalides felis embryo at a stage 
corresponding to that shown in figures 73 and 74. The stomodaeal 
and proctodaeal invaginations are clearly shown. The labrum lies 
anterior to the stomodaeum. Immediately posterior to this in- 
vagination the three gnathal segments appear very much fused. 
mS: 

Transverse section through the germ band of a Ctenocephalides felis 
embryo showing the neural groove and coelomic sacs. The walls 
of the sacs are thick and their lumina very small. This stage corre- 
sponds to that shown in figure 77. X 400. 


Portion of a parasagittal section through the germ band of a Cteno- 
cephalides felis embryo showing the segmental arrangement of the 
coelomic sacs. XX 400. 


Transverse section through the germ band of a Ctenocephalides felis 
embryo showing how the neural groove is formed by the production 
of paired longitudinal thickenings, one such thickening on each side 
of it. The definitive body cavity or haemocoel, formed by the fusion 
of the epineural sinus and the ruptured coelomic sacs, is also 
shown. XX 400. 
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PLATE II 


Dorsal portion of a transverse section through an embryo of Cteno- 
cephalides felis at a stage just prior to dorsal closure showing the 
absorption of the third dorsal organ by the vitellus. At the left a 
layer of entodermal cells may be seen lining the yolk mass. To the 
left of these is a portion of the definitive body cavity. Parts of the 
chorionic and vitelline membranes are shown in the upper part of the 
figure. This stage is similar to that shown in figure 24. > 400. 

Sagittal section through a Ctenocephalides felis embryo at a stage 
somewhat more advanced than that shown in figure 75. The coiled 
hind-intestine of this stage is shown cut through in several places 
and the anterior mesenteron ribbons have formed a complete floor 
of entoderm for the yolk mass. This entodermal lining is covered by 
the splanchnic mesoderm and below this lies the haemocoel. A strip 
of somatic mesoderm appears in the midventral region of the 
embryo. X II5. 

Sagittal section through the anterior region of a Ctenocephalides felis 
embryo showing the inner end of the stomodaeum. The paired 
anterior mesenteron rudiments have fused ventrally and their cells 
are shown in this section lining the vitellus below the stomodaeum. 
The fusion of these ribbons dorsal to the stomodaeum is just begin- 
ning. X 400. 

Sagittal section through the anterior portion of a Ctenocephalides felis 
embryo showing the stomodaeal invagination and the labrum. 400. 

Horizontal section through the anterior region of a Ctenocephalides 
felis embryo showing the paired lateral mesenteron ribbons (MR) 
lying adjacent to the yolk. > 4oo. 

Portion of a section through a Ctenocephalides felis embryo showing 
the hind-intestine cut at two places. Three of the developing 
malpighian tubules may be seen communicating with the procto- 
daeum in the lower one of the cuts shown here. > 400. 


PLATE 12 


Portion of a sagittal section through a Ctenocephalides felis embryo 
showing several ganglia of the ventral nerve cord, each with its 
two transverse neuropile tracts. > 400. 

Transverse section through the head region of a Ctenocephalides felis 
embryo in a late stage of development. In the upper portion of this 
figure, and on either side of the oesophagus, are to be seen the 
paired posterior extremities of the supraoesophageal ganglion. The 
suboesophageal ganglion lies below the oesophagus and in this 
section is shown connected with the supraoesophageal ganglion by 
the neuropile tracts of the circumoesophageal connectives. This 
stage corresponds with that shown in figures 26 and 87. > 400. 

Sagittal section through a Ctenocephalides felis embryo in the fifth 
day of development shortly after ventral flexion. The proctodaeum 
is a particularly conspicuous structure. The supraoesophageal 
ganglion, the suboesophageal ganglion, and the chain of ventral 
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nerve ganglia also show to advantage. The ventral ganglionic 
thickenings are no longer evident on the surface. A parasagittal 
section of this same embryo is shown in figure 26. X II5. 

Fic. 88. Parasagittal section through the head region of a Ctenocephalides felis 
embryo at a stage similar to that shown in figures 26 and 87 showing 
the supraoesophageal and suboesophageal ganglia connected by the 
circumoesophageal connective of the side. The lateral nature of the 
section is further indicated by the lack of transverse commissural 
tracts such as appear in the ganglia shown in figure 85. The 
definitive nature of the mandible is also evident in this figure. > 400. 

Fic. 89. Portion of a sagittal section through a late embryo of Ctenocephalides 
felis showing the gonad cut longitudinally, revealing the prominent 
germ cells inside it. > 400. 

Fic. 90. A similar section to that shown in figure 89 but showing the anlage 
of the genital duct leading posteriorly from the gonad. > 400. 
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RIVE SNEW RACES OF BIRDS FROM VENEZUELA 
By ALEXANDER WETMORE 


Assistant Secretary, Smithsonian Institution 


In the course of study of a collection of birds made in northern 
Venezuela in 1937, several forms have been segregated that previously 
have not been recognized by name. They are described in the follow- 
ing paragraphs. During the progress of this work the author has had 
the advantage of examination of specimens in the American Museum 
of Natural History, and in the Field Museum of Natural History, for 
which privilege he expresses his thanks and appreciation. The new 
forms follow. 


BUCCONIDAE 
HYPNELUS BICINCTUS STOICUS, subsp. nov. 


Characters —Similar to Hypnelus bicinctus bicinctus (Gould) * but 
lighter colored above, both in the ground color of the feathers, and 
in their lighter tips. 

Description——Type, U.S.N.M. no. 151670, male, Margarita Island, 
Venezuela, collected July 3, 1895, by Wirt Robinson (orig. no. 404). 
Crown slightly darker than hair brown, some of the feathers indis- 
tinctly drab at the tips; a faintly indicated spotting of avellaneous in 
center, just above base of bill; a very narrow line of white across 
forehead ; stiffened bristles above nostrils white at base and black at 
tips; rictal bristles black, some of them white at base; lores, a line 
beneath the eye, and postocular space dull white, connected indistinctly 
with a narrow, partly concealed white band across hind-neck ; sides of 
head above white postocular mark hair brown, washed with dull 
_vinaceous buff ; side of head at base of mandible dull fuscous, tipped 
posteriorly with dull vinaceous buff; hindneck, below white band, and 
back slightly darker than hair brown, the feathers tipped with dull 
white and avellaneous, producing indistinct spots; rump and upper 
tail-coverts fuscous, tipped slightly with vinaceous buff ; wing-coverts 
dull hair brown, spotted indistinctly with dull white, and tipped 


*Tamatia bicincta Gould, Proc. Zool. Soc. London, 1836 (January 16, 1837) 
(“Cayenne”). Hellmayr and Seilern, Arch. Naturg., vol. 78, 1912, p. 156, have 
designated the type locality as Venezuela. 
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indistinctly with vinaceous buff; primaries and secondaries fuscous, 
edged narrowly with pale olive-buff, these light markings prominent 
at the centers of the sixth, seventh, and eighth primaries; dorsal 
surface of rectrices fuscous, the outer one margined all around with 
pale olive-buff; chin white; throat ivory yellow, the feathers white 
basally ; a broad band of fuscous across lower foreneck, continuous 
at sides with the dark color of the sides of the head; behind this a 
narrower band of white, washed lightly with cream-buff; behind 
this, a band of fuscous-black across the upper breast, narrower than 
the anterior dark band, and somewhat irregular and broken centrally ; 
rest of under surface white washed with cream-buff, with a line of 
spots of fuscous-black extending from the sides toward the central 
part of the breast as indication of a third dark bar which, however, 
remains broken in the center ; flanks spotted with fuscous and. fuscous- 
black; under wing-coverts cream-buff; inner webs of primaries at 
base dull white ; of secondaries ivory yellow ; under tail-coverts cream- 
buff. Bill black, tarsus and toes dull brownish black (from dried skin). 
Iris indicated by collector as yellowish buff. 

Measurements.—Type, male, wing 91.5, tail 85.3, culmen from base 
35-7, tarsus 19.0 mm. 

Males (3 specimens), wing 89.8-91.5 (90.4), tail 83.4-85.3 (84.1), 
culmen from base 34.2-35.7 (35.1), tarsus 19.0-20.4 (19.6) mm. 

Females (6 specimens), wing 89.7-93.3 (91.3), tail 86.7-89.3 (88.5), 
culmen from base 35.0-37.3 (35.7), tarsus 19.0-22.1 (20.1) mm. 

Remarks.—Separation of the Margarita Island form is made after 
comparison of nine specimens from: the island, two in the National 
Museum and seven loaned by the Field Museum, and nine from the 
mainland of Venezuela. The paler coloration is easily evident in series 
and though some individuals approach rather closely, all that 1 have 
seen can be allocated properly without particular difficulty. 

It may be noted that Ridgway * observed the paler coloration of the 
Margarita Island bird but did not have material available on which 
to make the separation. 


DENDROCOLAPTIDAE 
XIPHORHYNCHUS TRIANGULARIS HYLODROMUS, subsp. nov. 


Characters —Similar to Xiphorhynchus triangularis triangularis 
(Lafresnaye) * but brighter olive brown above; exposed surfaces of 
secondaries darker, less reddish brown; under surface lighter, more 


=U. S. Nat.’ Mus: Bull’ se: pts/6. ron: p. 382: 
*Dendrocolaptes triangularis Lafresnaye, Rev. Zool., vol. 5, 1842, p. 134 
(Bogota, Colombia). 
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greenish olive, more abundantly spotted, the spots lighter colored ; 
throat decidedly lighter, with the dark marginal lines on the feathers 
reduced in width. 

Description Type, U.S.N.M. no. 351930, male, taken in the 
Cordillera de la Costa at 4,500 feet elevation above Rancho Grande, 
Estado Aragua, Venezuela, November 8, 1937, by A. Wetmore 
(original no. 9881). Feathers of crown brownish olive, with a border 
of dull black at the tip, and a central streak of cream-buff along 
the shaft, this more extensive on forehead; hind neck and back dull 
medal bronze, the hind neck with faint shaft lines of cream-buff ; 
upper tail-coverts dull hazel, this color extending across the rump to 
merge with the medal bronze of the lower back; wing-coverts dull 
dresden brown ; secondaries mars brown, with exposed margin dresden 
brown, and an indistinct line of russet along the shaft; inner webs of 
primaries russet, becoming fuscous at the tips, with the outer web 
mars brown; tail chestnut-brown; shafts of primaries, secondaries, 
and rectrices blackish; chin whitish, unmarked; throat colonial buff, 
the feathers with very narrow, rather indistinct blackish margins ; sides 
of head brownish olive, with abundant but indistinct streakings and 
spottings of colonial buff ; under surface olive, becoming a little lighter 
on center of breast and abdomen, darker on sides, marked abundantly 
with elongated spots of marguerite yellow ; under tail-coverts streaked 
with dull marguerite yellow; under wing-coverts dull ochraceous- 
orange; under surface of tail somewhat paler than mars brown. 
Maxilla dull blackish, with a dull ivory white line along the center of 
the tomium; mandible dull slate at base, light brownish white at tip ; 
tarsus and toes dull brownish black (from dried skin). 

Measurements—Type; male, wing 118.4, tail 91.6, culmen from 
base 29.7, tarsus 22.0 mm. 

Male (an additional specimen), wing 117.5, tail 90.5, culmen from 
base 30.3, tarsus 22.3 mm. 

Females (2 specimens), wing 104.7, 109.3, tail 82.9, 89.5, culmen 
from base 28.5, 29.4, tarsus 22.7, 22.7 mm. 

Range—Mountains of northern Venezuela, known from the 
Cumbre de Valencia, and near Rancho Grande. ; 

Remarks.—In addition to those listed, there is another specimen 
in which the sex could not be determined when the bird was skinned. 
The four secured near Rancho Grande were obtained in rain forest 
at elevations of from 3,700 to 4,500 feet in the Cordillera de la Costa. 
Hellmayr and Seilern* note of specimens from the Cumbre de 


* Arch. Naturg., vol. 78, 1912, pp. 109-110. 
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Valencia that they have “etwas helleren und mehr grtinlichbraunen 
Rucken” but refer their birds to typical triangularis. They evidently 
belong to the present form. There are three specimens in the Amer-_ 
ican Museum of Natural History from the Cumbre de Valencia, inland 
from Puerto Cabello, collected by S. M. Klages that are like the 
skins from Rancho Grande. 


DENDROPLEX PICIROSTRIS PHALARA, subsp. nov. 


Characters —Similar to Dendroplex picirostris longirostris Rich- 
mond © but light spots on crown and hindneck larger, the light mark- 
ings more abundant on the fore part of the crown, that area appearing 
lighter ; markings on breast more buffy in tone; averaging browner 
and lighter on breast. 

Description—Type, U.S.N.M. no. 351915, male, collected at El 
Sombrero, Estado Guarico, Venezuela, November 14, 1937, by 
A. Wetmore (original no. 9962). Forehead and lores between 
cartridge buff and cream-buff; entire crown with large, tear-shaped 
markings of cartridge buff and cinnamon-buff covering the center of 
each feather, bordered with chaetura drab; feathers of hindneck and 
extreme upper back with large, elliptical central markings of cinnamon- 
buff bordered narrowly with dull black, and edged with snuff brown ; 
entire side of head cartridge buff ; upper back snuff brown, merging 
into russet, this color extending over the rest of the upper surface, 
including the wings and tail; rump verging toward tawny ; throat and 
foreneck white with a wash of cartridge buff; extreme upper breast 
the same, with a few scattered, newer feathers of cinnamon-buff ; a 
little lower down the feathers broadly cinnamon-buff centrally, with 
narrow borders of dull black, and an edging of saccardo’s umber ; 
central and lower breast and sides with the light central markings 
narrowed and elongated, and the brown edgings broader ; abdomen 
saccardo’s umber with a few indistinct central markings of cinnamon- 
buff and equally indistinct mottlings of chaetura drab; under tail- 
coverts sayal brown, slightly brighter, more cinnamon-buff along 
shafts; sides and flanks russet; under wing-coverts light cinnamon ; 
under surface of remiges cinnamon, becoming fuscous at tips ; under 
surface of tail verona brown. Bill pale smoke gray, with a faint line 
of fuscous along culmen, the base with a tinge of dull buff; tarsus 
and toes blackish brown, nails fuscous (from dried skin). 


° Dendroplex longirostris Richmond, Proc. U. S. Nat. Mus., vol. 18, 1896, p. 
674 (Margarita Island, Venezuela). 
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Measurements.—Type, male, wing 97.3, tail 83.3, culmen from base 
30.0, tarsus 22.7 mm. 

Male (a second specimen), wing 99.7, tail 81.3, culmen from base 
30.7, tarsus 24.5 mm. 

Females (2 specimens), wing 101.2-102.5, tail 82.0-84.1, culmen 
from base 32.2-33.6, tarsus 23.6-25.1 mm. 

Range.—Known from Parapara and El Sombrero, Estado Guarico, 
Venezuela. Supposed to extend through the northern Llanos. 

Remarks.—This new form shares with the race longirostris a larger 
bill and an extension of the light markings over the upper breast. It 
differs from picirostris (in which this light area is more restricted) 
in having the dark-bordered, light streakings extending farther down 
across the breast, the auricular region lighter, the forehead paler, and 
the dark-bordered, light markings on the hindneck greater in extent 
and the bill heavier. 


TYRANNIDAE 
PYRRHOMYIAS VIEILLOTOIDES SPADIX, subsp. nov. 


Characters.—Similar to Pyrrhomyias vieillotoides vieillotoides (La- 
fresnaye) ° but dorsal surface lighter; dark feathers of pileum 
browner, less blackish ; below lighter, especially on the abdomen, flanks 
and under tail-coverts; size slightly greater. 

Description—Type, U.S.N.M. no. 171139, male, collected at Los 
Palmales, elevation 450 meters, Estado Monagas, Venezuela, De- 
cember 7, 1898, by F. W. Urich (original no. 48). Pileum (except in 
center) and hindneck mummy brown; a concealed crown patch 
strontian yellow, the feathers white basally; upper back between 
russet and cinnamon-brown; lower back sepia; rump somewhat dull 
yellow ocher, this color confluent with the flanks, forming a distinct 
band ; upper tail-coverts auburn ; wing-coverts black basally, this color 
entirely hidden by auburn tips on the lesser coverts ; middle and greater 
wing-coverts edged broadly with hazel; primaries dull black at tips 
and on outer webs of sixth to tenth, with the inner webs and the basal 
parts of the outer webs hazel, except on eighth and ninth where there 
is a mere trace of this color; outer web of tenth primary edged with 
hazel for basal two-thirds; secondaries hazel with tips black, except 
for a narrow tip and edging of the brighter color ; central rectrices dull 
black, tipped and margined narrowly with hazel; other rectrices dull 
black distally with the bases, external edging, and narrow tips hazel ; 


°Muscicapa (Tyrannula) vieillotoides Lafresnaye, Rev. Zool., vol. 11, 1848, 
p. 174 (Caracas, Venezuela). 
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throat cinnamon-brown, the feathers grayish black basally; sides of 
head cinnamon-brown; foreneck and most of breast hazel, becoming 
clay color on lower breast, flanks, abdomen and under tail-coverts ; 
under wing-coverts ochraceous-tawny. Bill and tarsus dull black 
(from dried skin). ; 

Measurements—Type (male), wing 72.3, tail 60.4, culmen from 
base 13.8, tarsus 12.6 mm. 

Males (7 specimens), wing 69.8-74.3 (72.2), tail 57.3-60.4 (59.1), 
culmen from base 13.3-14.7 (13.9), tarsus 12.3-12.6 (12.5). 

Females (4 specimens), wing 66.9-70.0 (68.6), tail 52.8-56.2 
(54.4), culmen from base 13.2-14.5 (13.9), tarsus 12.5-13.4 (12.9) 
mm. 

Range.—Mountains of Monagas (and probably Sucre), northeastern 
Venezuela (Los Palmales near San Antonio, Santa Ana Valley, Los 
Dos Rios). 

Remarks.—This new form follows a tendency to paler coloration 
found in various species in the Cumana region. P. v. assimilis of the 
Santa Marta region is decidedly brighter rufous above, with the light 
rump band rufescent rather than buffy. I have had available skins of 
P. v. vieillotoides, from the Silla de Caracas, Galipan in the Cerro de 
Avila, Los Riitos near Rancho Grande in the Cordillera de la Costa, 
and from the Cumbre de Valencia. It is interesting to note that two 
skins in the American Museum of Natural History from the moun- 
tains at Bucarito, near Tocuyo in Estado Lara, while to be placed 
with the race vieillotoides, are distinctly paler and so superficially 
resemble spadix, owing to their approach to the more rufescent assimi- 
lis of the Santa Marta region. 

Measurements of typical vieillotoides are as follows: 

Males (4 specimens), wing 68.1-70.5 (69.2), tail 56.2-59.7 (57.7), 
culmen from base 13.4-13.6 (13.5), tarsus 12.8-13.4 (13.1) mm. 

Females (2 specimens), wing 65.8-66.8 (66.3), tail 52.9-53.2 (53.0), 
culmen from base 13.4-13.7 (13.5), tarsus 12.8-13.1 (12.9) mm. 


CAPSIEMPIS FLAVEOLA CERULA, subsp. nov. 


Characters —Similar to Capsiempis faveola flaveola (Lichtenstein) * 
but lores and feathers behind nostrils distinctly white or whitish (less 
yellowish) ; throat white. 

Description—Type, U.S.N.M. no. 352009, male, collected at Inde- 
pendencia, Ocumare de la Costa, Estado Aragua, Venezuela, October 
28, 1937, by A. Wetmore (original number 9714). Crown dark yel- 








"Muscicapa flaveola Lichtenstein, Verz. Doubl. Zool. Mus. Berlin, 1823, p. 56 
(Bahia, Brazil). 
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lowish olive, the feathers edged with yellowish olive ; lores and space 
behind nostril white with a faint yellowish tinge, forming a distinct 
spot, somewhat obscured by blackish hairs; back and rump yellowish 
olive; upper tail-coverts lighter, approaching light yellowish olive ; 
lesser wing-coverts yellowish olive; middle and greater coverts chae- 
tura drab, tipped with reed yellow to primrose yellow, forming two 
distinct wing-bands; primary coverts and alula chaetura drab; pri- 
maries and secondaries chaetura drab, outer webs edged with yellowish 
olive changing to reed yellow; inner secondaries edged with mar- 
guerite yellow; rectrices dark hair brown, with a very narrow edging 
of reed yellow basally ; superciliary line reed yellow, somewhat ob- 
scured by yellowish olive tips to feathers; auricular region, light 
yellowish olive, with a spot of yellowish olive above and directly 
behind eye; chin and throat white, with a very slight yellowish tinge ; 
upper breast strontian yellow, becoming yellowish citrine at sides; 
foreneck, lower breast, abdomen and under tail-coverts dark citron 
yellow ; sides pale olive-yellow ; under wing-coverts barium yellow, 
marked with chaetura drab along bend of wing. Maxilla dull black, 
tip of mandible chaetura black, base deep olive-buff, tarsus and toes 
chaetura black (from dried skin). 

Measurements-—Type, male, wing 51.3, tail 50.1, culmen from 
base 11.4, tarsus 16.9 mm. 

Males (9 specimens), wing 50.5-52.8 (51.6), tail 48.6-52.4 (50.1), 
culmen from base 10.7-11.6 (11.2), tarsus 16.8-17.4 (17.0) mm. 

Females (9 specimens), wing 47.0-52.2 (49.3), tail 46.3-49.5 (47.7), 
eulmen from base 10.7-11.9 (11.4), tarsus 15.9-17.2 (16.5) mm. 

Range.—Venezuela, including the Orinoco and Caura Valleys, and 
the northern portion west at least through Estado Aragua. 

Remarks.—From Capsiempis flaveola leucophrys the present form 
is distinguished by less extensive white on throat, brighter yellow 
underparts, brighter green dorsal surface, and slightly smaller size. In 
five Bogota skins of leucophrys with the sex not indicated the wing 
ranges from 55.2 to 56.8 mm., which is distinctly larger than the 
dimensions given above regardless of sex. 

In size the new form resembles typical flaveola from Bahia. The 
more typical specimens come from the northern section of Venezuela, 
skins from the Orinoco basin being slightly intermediate toward 
flaveola but to be placed with the present form. Specimens assigned 
to the new race have been seen from the following localities: Ocumare 
de la Costa (Estado Aragua) ; Cumanacoa (Estado Sucre) ; Ciudad 
Bolivar, Altagracia, Maipures, and Suapure along the Rio Orinoco, 
and La Pricion in the Caura Valley. 
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UDIAZING HEAT FROM THE SUN 


By CG, ABBOT, 
Secretary, Smithsonian Institution 


(Wiru Four PratEs) 


In large regions lying in the low latitudes desert conditions prevail. 
Day after day the sun glares down, occasionally dimmed a little by 
cirrus clouds, or perhaps by a few heaping cumuli. In such regions 
80 percent or even more of the hours of daylight would be useful 
for furnishing solar heating. 


QUANTITY OF SOLAR ENERGY 


The quantity of energy available from solar radiation under such 
conditions as | have pictured is immense. As I shall show in what 
follows, we may count on the possibility of converting 15 percent of 
the energy of such solar rays as are intercepted by our devices into 
mechanical work. Assuming that to avoid appreciable losses through 
shading one unit by another, and to allow plenty of room for other 
purposes, only one-tenth of the area available is actually covered by 
heat collectors, and further allowing for night and cloudy weather, 
still the State of New Mexico could supply from solar radiation over 
ten trillion horsepower-hours per year of mechanical power, which 
compares with the power possibilities of all coal, oil, and water at 
present used annually for heat, light, and power combined in the 
United States. 


INTERMITTENCE AND STORAGE OF SOLAR POWER 


Like hydroelectric power, solar power demands no continuing 
expense other than for care and interest on the investment. Unfor- 
tunately, however, solar power is subject to the drawback that it 
ceases during night hours, and when the beam is intercepted by clouds. 
There are certain uses, such as pumping water for irrigation for 
instance, where this intermittence is no serious objection. But for 
most purposes power must be available at all times. Hence to become 
a great industrial factor solar power demands the association of 
storage of energy, either as heat, or in chemical, electrical, or 
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mechanical forms. As efficient production of solar power must never- 
theless be the first step, I shall postpone considerations of storage for 
the present. 


WATER DISTILLING AND COOKING BY SOLAR HEATING 


There are other uses for solar heating which do not so much involve 
storage. Among them are the distillation of water and the cooking 
of food. It is stated that in Bermuda the past year was so deficient 
in rainfall that fresh water was imported from New York, although 
the Atlantic ocean is all around. In some of our western States the 
water in many parts is too alkaline for drinking or for storage 
batteries. In Florida the water in some localities stinks with hydrogen 
sulphide. Under such conditions as these the solar distilling device 
should be useful. As for cooking, though not practical in cloudy 
regions, it is easy to provide heat storage for 24 hours, and with a 
solar cooking device the ovens may be kept at baking temperatures 
for weeks and months continuously in the more cloudless parts of 
our country. 


RECENT COMMERCIAL PRODUCTS A BOON TO SOLAR DEVICES 


The cheap production of efficient solar heat devices has awaited 
the commercial development of aluminum products, now so plenti- 
fully used in the industries, and the common use of vacuum devices, 
which came with the incandescent lamp and radio industries. For- 
merly, inventors relied on glass mirrors which were heavy, costly, 
and not durable. It is now possible to purchase the so-called “Alcoa” 
in thin sheets, which readily take the curvature of a suitable cradle 
form without previous shaping. This material reflects over 80 percent 
of solar radiation, and may be used for years without dimming. As 
the loss of heat in the boiler at the focus of a solar-radiation appliance 
is the great obstacle to be provided against, the possibility of making 
cheap glass jackets enclosing high vacua like thermos bottles is the 
other great improvement which has become practicable in recent times. 


MECHANISM FOR FOLLOWING THE SUN 


The daily march of the sun through the sky, and its yearly march 
from north to south, must be considered. If one uses a spherical 
boiler and a circular mirror, he must allow for both of these apparent 
motions as Eneas did at the ostrich farm, Pasadena, about 1905. If, 
however, one uses a tubular boiler parallel .to the axis of the earth, 
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the yearly adjustment is unnecessary and the daily motion can be 
allowed for by merely rotating the parabolic cylindric ray-concen- 
trating mirror about an axis coincident with that of the boiler tube 
at the rate of 15° per hour. In this arrangement the boiler tube may 
be firmly fixed. This, with the simplicity of the mechanical driving 
of the mirror, renders this arrangement preferable to all others for 
most purposes. The mirror may be driven by clockwork, or, if 
electric facilities are available, still better by a 60-cycle synchronous 
motor through a worm and wheel. 

I have used both types of driving. Our solar cooker on Mount 
Wilson, having been built long ago, is cumbersome. It has a heavy 
mirror, 8 feet wide by 12 feet long. I attached to the mirror a grooved 
wheel 30 inches in diameter coaxial with the lower trunnion of the 
mirror. A steel wire in the groove of the wheel supported a weight 
of about 200 pounds, sufficient to rotate the mirror toward the west. 
Through a second steel wire wound in the groove in the opposite 
sense, the weight also drove a clockwork. This clockwork train 
ended in a flyvane. A long hand rotated with the central shaft and 
once in each revolution was stopped by a displaceable pin. The long 
hand would make a full rotation in about 3 minutes. A common 
alarm clock was provided with a wheel of 12 pins on the back of 
its hour shaft, and these pins, acting through a lever escapement 
displaced the stop-pin once each 5 minutes. Hence the mirror moved 
intermittently as governed by the alarm clock, and was never more 
than 1 minute from its proper position to focus sun rays upon the 
heater tube. Still simpler clockwork contrivances may be used to 
drive smaller mirrors for solar heating devices. 


DOMESTIC WATER HEATERS 


Those who have visited Florida or southern California may know 
of the roof water heaters which are used considerably for providing 
hot water for bath and other household purposes. A shallow depres- 
sion is let into the south roof exposure, and lined with blackened 
sheet metal. Therein is supported a blackened grid of pipes like a 
steam radiator. The boxlike depression is covered tightly with glass 
windows. Water circulates through the piping, and thence to a 
reservoir at a higher level within the house. Such a system acts by 
gravity like the water heater system of a cook stove. If the reservoir 
is well insulated from heat losses and the location is relatively cloud- 
less and never freezing, such a system is found to be very useful 
for furnishing hot water both day and night, without maintenance 
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cost or attention. While on Mount Wilson, several years ago, I 
bought 200 feet of black garden hose. I coiled 150 feet of it in a 
flat coil upon a wooden X, and carried it up the ladder to the south 
side of the cottage roof. The other 50 feet I connected to the water 
hydrant in the yard and to a spigot in the bathtub. By this simple 
arrangement we could draw 5 gallons of very hot water each half 
hour on every sunny day. 


SOLAR COOKERS 


When we attempt cooking by sun heating we require temperatures 
far above the boiling point of water. Hence some other liquid of a 
much higher boiling point is desirable as a heat conveyor, otherwise 
high pressures and evaporation would be met with. In our cooker on 
Mount Wilson I used engine cylinder oil within a blackened metal 
tube in the focus of the mirror. About 60 gallons of this oil were 
employed in the system, so that there was a large capacity for heat, 
and cooking could be done by night as well as by day. However, it 
required about 2 days of sun to get the system heated initially, for 
owing to nearby trees there were only 7 hours per day of sunshine. 
In recent installations I have preferred to use “Arochlor,” a nearly 
black liquid product of the Monsanto Chemical Company. I have 
made this liquid almost completely absorptive of sun-rays by adding 
a small amount of lampblack in suspension therein. While engine 
cylinder oil chars somewhat, and evaporates considerably at 210° C., 
‘“Arochlor” does not boil below 350° C., and evaporates scarcely any 
at lower temperatures. This liquid, being highly absorptive, may be 
used directly in the vacuum-jacketed glass focus tube. Circulation 
may be provided by bringing back from the oven sheath a small metal 
or glass tube within the focus tube to near its lower end. Such a 
focus tube passes freely through the hollow trunnion at the upper 
end of the mirror, and is sealed by a well-designed stuffing box to 
the metal sheath which encloses the oven. According as one wishes 
for a quickly heating oven, or on the other hand for one to remain 
hot through temporary cloudiness and the night hours, the oven 
sheath contains little or much of the liquid. This part of the system 
may be surrounded by a thick layer of glass wool for insulation, 
leaving, of course, means for reaching the oven door. 

In another embodiment of the cooking device, I have sealed the 
glass vacuum-jacketed focus tube to a vertical cylindrical glass jar 
to contain the liquid. Within the liquid is an inner glass jar used as 
the oven. The oven is approached from above with food to be cooked. 
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In this embodiment the outer of these two glass cylinders may be 
itself surrounded by evacuated space. This makes a very beautiful 
and highly efficient, quickly heated oven of small capacity. For a 
large installation it is better not to use the liquid directly as the 
absorbing medium, but to contain it in a blackened copper tube, itself 
surrounded by a vacuum jacket of glass. This arrangement lends 
itself to a more robust connection of the heater tube to the oven 
jacket. Liquid may then be supplied to give a large capacity for heat 
and to heat a plurality of ovens. 

To fix approximately our ideas of the size of an outfit for solar 
cooking, I give the following figures. In clear sky conditions one 
may depend on from 1.2 to 1.4 calories per square centimeter per 
minute of energy in the solar beam. Using the lower of these figures 
we have still to encounter the following losses. Mirror reflection 
82 percent, vacuum jacket transmission, if direct to liquid, about 
89 percent, if through a blackened metal tube to liquid about 80 per- 
cent. Hence there remains about 0.79 to 0.87 calory per square 
centimeter per minute. The maximum temperature which a mirror 
will maintain in an oven depends on the rate of loss of heat. The 
time required to approach that temperature depends on the capacity 
of the oven and its surroundings for heat. These variables I cannot, 
of course, predict without specifications. But it may safely be said 
that, with good design, a mirror of 48 feet surface will keep two 
ovens of ordinary size hot enough to bake biscuits well, by night as 
well as by day, in any fairly cloudless regions in the temperate zones. 


TOY SOLAR COOKER 


I have constructed a toy cooker with a mirror surface of 15 x 20 
inches to warm an oven 3+ inches square, 24 inches high, and insulated 
by 3 inches in thickness of glass wool. It requires about an hour to 
heat the oven to about 130° C. above surrounding temperatures, and 
the oven bakes cakes 3 inches square very nicely in a half hour. 


SOLAR WATER DISTILLING 


Distillation of water may be very efficiently done with solar heating. 
The arrangement of the mirror is similar to that just described for 
cooking purposes. In this case, however, the elongated vacuum 
jacket, like a thermos tube except that it is not silvered within, is 
supported in the focus of the mirror with its open end at the bottom, 
and its closed end extending a foot or more above the top of the 
mirror, which rotates on rollers bearing the hollow trunnions of the 
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mirror. In the case of the cooker, and also of the power flash boiler, 
soon to be described, the absorber of rays is made as small in diameter 
as possible in order to reduce heat losses, so that the temperature 
may run high. In the solar water distiller, however, the temperature 
cannot exceed the boiling point of water. With a vacuum jacket 
surrounding the focus tube, heat losses at that temperature are small 
per unit area. Hence the focus tube is made much larger in diameter 
in grder to provide freer escape for steam. This requires a larger 
vacuum jacket than in the devices for cooking and for power. 

I pour the water to be distilled into a vessel supported behind the 
mirror and nearly at the level of the upper end of the mirror. A long 
snout runs from the bottom of the water vessel down behind and 
parallel to the mirror, and, bending at right angles, comes up to join 
the focus tube of copper, which is blackened outside to absorb solar 
rays. Thus the water flows by gravity from the vessel to an equal 
height within the focus tube. Within this snout and focus tube is a 
smaller tube for steam. It extends from above the level.of the water 
in the vessel to above the level of the mirror in the focus tube. It is 
open to the atmosphere above the vessel, and open to steam above 
the water in the focus tube. A branch leaves the steam tube at its 
lowest point, and passes sealed through the wall of the snout, so that 
distilled water may drop from the steam tube into a receptacle 
underneath. 

Only one difficulty is met with in this device. The steam must be 
caused to escape by such a protected orifice that the surging, boiling 
water within the focus tube does not ever reach that orifice to mingle 
with the condensed steam. This is accomplished by a series of 
umbrella diaphragms along the upper part of the steam tube, and by 
using a diminished orifice, well shielded by a cap. 

The efficiency of the device is very high. The steam being con- 
densed by flowing through the entering water, that water reaches the 
lower end of the boiler tube at almost boiling temperature. Thus it 
is only the latent heat of steam that must be provided by solar 
radiation, and not the heat required to raise water to boiling. In 
experiments made in Florida in March 1938, the stinking water of 
Arcadia was distilled to perfect purity and odorlessness. Distillation 
commenced within 5 minutes after the sun came out of a cloud. A 
mirror of 11 square feet of surface distilled between 2 and 3 gallons 
of water, entirely automatically in one cloudless day. 
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THE SOLAR FLASH BOILER FOR POWER 


Since cumulus clouds are apt to obscure the sun occasionally in 
regions suited to solar power production, the flash boiler, rather than 
the boiler of large heat capacity, is indicated. For if it takes an hour 
or more to raise the desired steam pressure, many days will be wasted 
when the sky about the sun is clear one half of the time. Accordingly 
my efforts in recent months have been directed toward the develop- 
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Fig. 1—Diagram of solar flash boiler showing water injection governed 
directly by steam pressure. In a later model the water injection is governed by 
the temperature expansion of the boiler tube. 


ment of the automatic flash-boiler solar engine. That is, an engine of 
a single tube boiler protected from heat losses by an elongated glass 
vacuum jacket, and fed by a current of water automatically graduated 
in flow by.the temperature of the boiler. The device is intended to 
raise full steam pressure within 5 minutes after solar exposure. 
Should the sun enter a cloud, the water supply is immediately cut off. 
Should the steam pressure rise above the desired maximum, the water 
supply is increased. Thus the boiler is fully automatic, and it takes 
advantage of all the clear sky which comes between clouds. 
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FLASH-BOILER DEVICES 


It would be convenient if it were practicable to have the glass 
vacuum jacket open at both ends so that water could flow in at the 
bottom and go out as steam at the top. But the unequal linear expan- 
sion of the inner and outer tubes of the glass jacket is difficult to 
allow for in a permanent sealage. Accordingly, I have preferred to 
make the vacuum jacket, surrounding the boiler tube, like an elongated 
thermos bottle with open end up. This requires the water tube enter- 
ing at the top to pass through the steam to the lower end of the boiler. 
I introduce two metallic tubes sealed upon the water tube within the 
boiler, called, respectively, the spreader tube and the vacuum jacket 
tube. The spreader tube encloses the water tube in the lower two- 
thirds of the length of the boiler tube, and forces the water to circu- 
late in a thin layer against the inner wall of the boiler tube, so as to 
be most favorably situated to burst into steam. The vacuum jacket 
tube is sealed upon the water tube in the upper one-third of the length 
of the boiler tube, so as to reduce the tendency of the entering water 
to cool the superheated steam in the upper part of the boiler tube. 


AUTOMATIC REGULATION OF FLOW OF BOILER WATER 


I accomplish automatic regulation of the water supply as follows: 
A pump is provided whose stroke is continuously adjustable between 
the limits zero and the greatest required. The essence of this regula- 
tion consists in an eccentric pin forming part of a shaft driven by 
the same small synchronous motor that rotates the mirror. One end 
of the pin is coaxial with the shaft bearings, but the other end revolves 
in a small orbit. The shaft carrying the pin is mounted in a carriage, 
displaceable longitudinally, so that according to its longitudinal posi- 
tion the pin gives more or less throw to the pitman that works the 
pump. 

To govern the position of the carriage I impart motion by a screw, 
driven by a tiny direct-current motor operated by dry cells. The 
operation of this motor forward or backward is governed by a suitable 
multiple contact switch. The switch is operated by a lever system 
worked by the differential expansion between the boiler tube and an 
invar tape attached to the lower end of the boiler tube. Hence the 
temperature of the boiler, which is the index of the prevailing steam 
pressure, governs the position of the carriage. There is mounted 
upon this carriage the uniformly rotating eccentric pin, and this in 
turn governs the stroke of the pump which forces water into the boiler. 
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2. SOLAR BOILER FOR 1%1 HORSEPOWER ENGINE AS EXHIBITED TO 
INTERNATIONAL POWER CONGRESS AT WASHINGTON 1936 
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1. SOLAR FLASH BOILER 14 HORSEPOWER CAPACITY AS USED IN 
FLORIDA 1938 





2. DRIVING MECHANISM FOR THE MIRROR AND WATER INJECTOR FOR 
THE SOLAR FLASH BOILER 
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EFFICIENCY OF SOLAR FLASH BOILER 
Regarding the efficiency of conversion of solar energy into mechani- 


cal power by the flash boiler, the following computations are pertinent : 


Efficiency of Solar Flash Boiler 


A. Efficiency of the boiler, assumed temperature 190° C.: 


Mito renenecti One mie. saticce. tee eels ache Ose ines ame sie 82 percent 
Thienmemamnssiom loyy vyexewibiin, ECleng5ocg0ccgucaacngccgo0couuce 85 i 
PNDSOEDUON Dy, DOMER TUDE. ots esc cc sc ept sein do tvlswieew senses 95 i 
Wossnomneatathnouchmnenacketenn samosas ce ae ciacac acl: 10 a 
Boilersenmciencys 0:82) <0!05)70:05, >< O00 ==. elo dala oe 60 s 

B. Thermodynamic factor for perfect engine: 
Acsumedeatempenratune or Ccondenser....455---54.-+06 oss 5-- 20nG2 


190° — 30° 


Efficiency factor-——————_| 
? 190 + 273 


C. Mechanical efficiency of engine is assumed to be 75 percent. 
D. Final result. Efficiency of conversion of solar to mechanical 
energy : 
KACOr SOMO OLVIRO< OFS caosbiocs daneoogeesemoenesos 15.5 percent 


COMPETITION OF SOLAR POWER AGAINST COAL, OIL, AND WATER POWER 


In the experiments of most earlier inventors, the protection of the 
boiler tube by a vacuum jacket was not practicable, the cheap but 
accurate construction of the mirror to give high reflection with per- 
manency was not feasible, and the simplest arrangement to follow 
the sun was not generally made use of. Consequently, the cost was 
up and the efficiency was down. Hence these earlier devices were 
quite unable to compete with power from coal or water under most 
conditions. With the high efficiency and great simplicity of the present 
flash boiler scheme, I compute that power can be had from the sun 
at not exceeding 0.5 cent per horsepower-hour, and still give a good 
return on the investment. 


WILLSIE AND BOYLE EXPERIMENTS 


I wish, however, to refer to one of the earlier inventions in which 
efficiency was sacrificed for cheapness. It was that of Willsie and 
Boyle who installed a solar power plant at Needles, Ariz., about 1g1o. 
Their scheme comprised a large, shallow black-bottomed pond wherein 
the water attained temperatures considerably below the boiling point. 
This heat they used to drive a sulphur dioxide engine, cooled by the 
evaporation of water. They claimed that their device was able to 
compete with coal in that locality, although both its boiler efficiency 
and its thermodynamic efficiency were low. It appears not to have 
come into much commercial use, however. 
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STORAGE OF SOLAR HEAT OR POWER 


I will now consider briefly some suggestions relating to the storage 
of heat or of power from the sun. As everyone knows, heat is prone 
to dissipate itself. There are no insulators against heat conduction 
comparable in efficiency to those which prevent the flow of electricity. 
My friend Dr. Cottrell, however, proposed to me a scheme which may 
be worth a trial. He suggests a silo-shaped, cement-lined pit in the 
ground, filled nearly to the top with dry coarse sand, and roofed over. 
Above the sand lies a layer of perhaps 10 feet of glass wool, such as 
is used for roof insulation. A pipe leading from the solar heater to 
the center of the upper surface of the sand has an appropriate net- 
work of branch pipes covering the surface. A similar network at the 
bottom of the pile leads to an outlet pipe, and thence back to the 
heater. An automatic pump which runs only while the focus tube is hot, 
draws hot air through the solar heater into the top of the sand. Owing 
to the notoriously bad conductivity of dry sand, and the high degree 
of protection from upward convection and conduction offered by the 
thick layer of glass wool, the sand pile receives the heat, and keeps 
it in a horizontal layer. The heated layer gradually works down, till, 
if the storage operation is very long-continued, the whole sand pile 
becomes of nearly as high temperature as the air in the focus tube 
itself. With a sand silo of sufficient capacity, Dr. Cottrell thinks the 
efficiency would be so high that when the heat was drawn away, 
perhaps months later, by reversing the circulation of air, the air 
would come away from the top of the sand very nearly as hot as it 
tormerly entered. No one has tried this interesting scheme, but it 
would be desirable to do so. Should it succeed, it might show the 
way to use the heat of summer to warm one’s house in winter. 

Electric storage batteries are so well known that it is unnecessary 
to point out that solar power may be conserved thereby for night use. 
It is the cost which shades this proposal. 

Chemical storage might be done by electrolyzing water, and saving 
the hydrogen to be burned in air with boilers to generate steam. This 
involves the problem of successful use of hydrogen as a steaming fuel. 

Mechanical storage could be accomplished by pumping water to a 
high level reservoir, to be used in a hydroelectric plant later. This 
also looks costly, and difficult except in hilly country. 

Possibly best of all would be a heat storage within a pressure tank 
filled with water, and surrounded by a thick envelope of glass wool. 
The water, heated far above the boiling point, would supply steam 
for hours of cloudiness or night. 
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COMMERCIAL USE AND COST OF SOLAR HEATING 


It is probable that so long as coal is cheap and abundant there will 
be no extensive use of solar power. However, small installations, in 
2- to 5-horsepower units, may become profitable under favorable 
conditions. Solar heat has already been used successfully for refri- 
geration, and possibly might be combined with a heating system for 
conditioning the air in ranch propositions in cloudless regions. The 
classic use of solar power is, of course, for irrigation, and here, as 
remarked above, the problem of storage is not important. It is con- 
ceivable that great reservoirs might be pumped full of water from 
rivers or lakes by solar power in dry years to irrigate land when 
rains fail. 

As remarked above, both solar cooking and solar distilling of non- 
potable water are practical and efficient propositions, which it is likely 
will be in common use before very long if the necessary outfits can 
be produced at attractive prices. The cost of solar devices, as of all 
other products, depends greatly on the volume of sales. These devices, 
however, as compared with automobiles are extremely simple. Though 
it might cost prohibitively to produce them singly, I think not if 
produced in thousands. 
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BaeCAPOD AND: OTHER GRUSTACEA ‘COLLECTED: ON 
iE PRESIDENTIAL CRUISE OF 1938 


(WITH INTRODUCTION AND STATION DATA) 
By WALDO L. SCHMITT 


Curator, Division of Marine Invertebrates, U. S. National Museum 


(With THREE PLATEs) 
INTRODUCTION 


In July and August of 1938 the President of the United States, the 
Honorable Franklin D. Roosevelt, undertook an inspection cruise and 
fishing expedition from San Diego, Calif., to Pensacola, Fla., by way 
of the Panama Canal aboard the U.S.S. Houston. The Smithsonian 
Institution was honored with an invitation to participate, and it was 
a great privilege and my good fortune to be the Naturalist selected to 
accompany the expedition. 

The cruise, which began on July 16 and ended on August 9, covered 
a total of 5,888 miles in the brief space of 24 days, during which 14 
different collecting stops were made. These were distributed among 
the possessions of five different nations: Mexico (Lower California 
and Socorro Island), France (Clipperton Island), Ecuador (the 
Galapagos Islands), Costa Rica (Cocos Island), and Colombia (Old 
Providence Island in the Caribbean). No collecting was done in the 
Canal Zone or in the Republic of Panama. 

All manner of collecting was undertaken, fishing, bird hunting, and 
botanizing, dredging, tide-pool and shore collecting—indeed, all kinds 
of endeavor that might yield something of interest to the Smithsonian 
Institution and our National Collections. The ichthyological collection, 
which perhaps took first place in the President’s interest, is one of 
the most important that has ever come to the United States National 
Museum from that section of the Pacific. 

In obtaining fish as scientific specimens, as well as for sport, the 
President was ably assisted by members of his personal party: Mr. 


*For additional notes and illustrations, see “The Presidential Cruise of 1938” 
iw; Explorations and Field-work of the Smithsonian Institution in 1938, pp. 
I-14, 1930. 
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Stephen Early, Mr. Frederick B. Adams,’ Mr. Basil O’Connor, 
Capt. Daniel J. Callaghan, U.S.N.,° Col. Edwin M. Watson, U.S.A., 
and several of the officers of the Houston, Other specimens were 
taken by the crew with hand lines over the ship’s side or were picked 
up ashore. 

It is not possible to make adequate acknowledgment to all aboard the 
Houston who contributed in one way or another to make the expedition 
an unqualified success, from the Captain and Wardroom down through 
the whole ship’s company. There are many more among the ship’s 
officers and personnel to whom I am much indebted for many kind- 
nesses and much real and helpful assistance than I am permitted to 
mention in this limited account. I should like to call them all by name. 
Jack Barron was detailed as my assistant, and I am grateful to Captain 
Barker for assigning so fine a seaman to me, and to Barron for all 
the helpful services that he rendered me. R. B. Thompson, of the 
paymaster’s clerical force, an experienced amateur photographer, was 
kind enough to assist me in taking pictures, with the result that I am 
indebted to him for most of the photographs that I brought back to 
the Institution from the cruise. Unique among the photographs which 
he took are three of leaping porpoises, taken off Hood Island on 
July 28. 

Under Lieutenant Commander Kelly’s able direction, we made our 
successful landing on Clipperton. To Captain Barker and to his 
executive officer, Commander Bailey, in particular, all thanks are due 
for the wonderful cooperation extended me on all occasions through- 
out the cruise. 

The scientific results of the Presidential Cruise have proved to be 
of extreme interest. Not only have a number of new records of 
occurrence been established and hitherto unrepresented species been 
added to the Museum’s collections, but more than 30 new species, 
subspecies, and varieties have been discovered. These will be described 
in a series of scientific papers which are to follow. 

The fact that the collections in the Galapagos were made at a time 
of the year when these islands have seldom been visited by investigators 
adds materially to their scientific interest and value. Likewise, the 
avifauna of Clipperton Island, not heretofore represented in the 
Museum collections, has now become well known to us. 


?Mr. Adams took a number of very worth-while color photographs for the 
purpose of recording the color of the fresh specimens as they were landed in 
the fishing boats. These he has very generously contributed to the collections 
of the Smithsonian Institution. 

®T am indebted to Captain Callaghan for a number of notes. 
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In looking over the material brought back, one cannot help being 
imbued with an enthusiastic appreciation of the President as a man 
of broad biological interests and a generous patron of science. 
Throughout the cruise he took an active part and a live interest in 
all our collecting. 


STATION DATA 


oar Lower CALIFORNIA, MEXxIco 
Station 


No 


1-38. July 17. Cedros Island. Shore collecting, both north and 
south of cannery east side of island. Amphipods 
and earthworms from under drifted kelp on 
gravel beach to north. Crabs from shore and 
“cliffs,” and fossils from fallen portion of cliff 
to south. 

2-38. July 17. Cedros Island. Bottom sample in 24-25 fathoms, 
about 4 way from shore to anchorage. 

3-38. July 18. Magdalena Bay. Dredging, boat dredge. Inside 
northern point of entrance to bay, between 
Belcher Point and anchorage, 10-15 fathoms, 
sandy, weedy bottom, myriads of amphipods. 

4-38. July 18. Magdalena Bay; filamentous green algae from 
deeper end of preceding dredge hauls. 

5-38. July 19. Cape San Lucas. Dredging, boat dredge, 6-10 
fathoms, off Punta Gorda, off rocky shore to 
west end San Jose del Cabo Bay. 

5a-38. July 19. At anchorage, San Jose del Cabo, alcyonarian 
from anchor ; depth 48 fathoms. 


Socorro IsLAND, MExIco 


6-38. July 20. Shore collecting, Braithwaite Bay, at “landing 
place.” 

7-38. July 20. Collecting up on land back of beach; soil put 
through Berlese funnel. Also scorpion, spiders, 
and a crab found under rock. 

8-38. July 20. Dredging, boat dredge, two hauls, 7-8 fathoms, 
on sandy bottom, from off landing beach toward 
rocky point forming east side of cove where 
landing is located. 


Station 
No. 


9-38. 
10-38. 


11-38. 


12-38. 


13-38. 


14-38. 


15-38. 


16-38. 


17-38. 


1ga—38. 


20-38. 


21-38. 
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CLIPPERTON ISLAND (now a French possession ) 


July 21. 
July 21. 


July 21. 
July 21. 


July 21. 


July 21. 


July 24. 


July 25. 
July 25. 


- ahuly 26: 


. July 26. 


July 26. 
July 26. 


July 27. 


| alaly27. 


. July 29. 


Shore collecting at Clipperton on rocks to south of 
landing place. 

Bucket of algae from Clipperton lagoon, back of 
landing. 

Piece of Clipperton Rock. 

Muck from anchor chain. Was coated with this 
material; looked like old waste; depth 72 
fathoms. 

Two specimens blue trigger fish caught by 
President. 

Debris from two boobies’ nests on lagoon shore 
back of landing. 


GaLApacos ISLANDS, ECUADOR 


Sulivan Bay, James Island. Shore and tide-pool 
collecting 3:30 to 5:00 p.m., tide beginning to 
run out. 

Narborough Island. Shore collecting. 

At anchorage off Tagus Cove, Albemarle Island. 
With electric light off gangway I1:00 p.m., 
dip-net. 

At anchorage off Tagus Cove. From anchor chain, 
10 a.m.; depth 50 fathoms. 

Elizabeth Bay, Albemarle Island; landed in bay 
at south end of black beach north of mangroves, 
north of two “red”’ islands. 

Locality as for No. 19-38. Nest material of old 
flightless cormorant nest. 


Locality as for No. 19-38. Taken off anchor chain ; 


depth 24 fathoms. 

Crew ashore at Post Office Bay, Charles Island; 
collected various things; also specimens of all 
plants seen in flower on road to Wittmer’s place. 

At anchorage off Gardner Bay, Hood Island. 
With electric light off gangway, I1:00 p.m., 
dip-net. 

South Seymour Island, plateau-land section of 
island. Odds and ends picked up on beach and 
shore; sand sample, and sand washings. 





No. 6 
Station 
No. 


 23a-38 
24-38 
25-38 


25a-38 


26-38. 
27-38. 


28-38. 


29-38. 
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. July 29. 
. July 30. 
. July 30. 


uly 30: 


Aug. 
Aug. 


Aug. 


Aug. 
Aug. 


Aug. 


Aug. 


Se 


South Seymour Island anchorage. With electric 
light from gangway, I1: 00 p.m., dip-net. 

James Bay, James Island. Bottom sample in about 
24 fathoms. 

Locality as for No. 24-38. Two octopi from rocks 
along shore. | 

Mud and water sample from flamingo lagoon, 
James Bay, James Island. 


Cocos IsLtanp, Costa Rica 


Inland at Wafer Bay for rare palm; all day hike. 

Ashore in a.m. at Wafer Bay, south side, for tree 
ferns ; p.m. at Chatham Bay. 

Forenoon in fishing boat with Messrs. Adams and 
Early for sailfish photos. 

Parasites from 116-pound sailfish; forenoon. 

Copepod found in dish in which two sucker fish 
from sailfish were killed in alcohol. 

At Chatham Bay anchorage. Bottom sample, 
mostly sand; depth 30 fathoms. 

Several dredge hauls off Chatham Bay. 


Otp ProvibpENCE ISLAND, CoLomera (in the Caribbean) 


30-38. Aug. 6. 


30a-38. Aug. 6. 
31-38. Aug. 6. 


Shore, reef, and tide-pool collecting in early after- 
noon. 

Bottom sample, at anchorage, in 8 fathoms. 

Dredge haul in about 7-8 fathoms, inside reef, 
Catalina Harbor. 





DECAPOD AND OTHER CRUSTACEA ‘* 


The crustacean collection, though not large, contains several novel- 
ties: a new species, Thalamita roosevelti; and two new subspecies, 
Callianidea laevicauda occidentalis and Crangon hazwatiensis clipper- 
toni. A West Indian species, Callianassa hartmeyeri, earlier reported 
by Hult (Arkiv Zool., vol. 30A, No. 5, p. 7, text figs. 1-4, pl. 1, figs. 
ta, 1b, 1938) “from the Galapagos, was found at Socorro Island. 
Brachycarpus biunguiculatus, another West Indian species, originally 
described from Bermuda and well known in the Mediterranean, with 
also a single record from the Red Sea, rather surprisingly turned up 
i the Clipperton Island material, a first truly Pacific record, for this 
species. An Ogyrides, the first representative of the genus from the 
west coast of America which was taken at Punta Gorda, as well as 
a Crangon from Socorro, a possible new variety of Crangon para- 
cruutus from Clipperton, and several species of Pelrolisthes, have not 
been described for want of ‘adequate material of each of them. Other- 
wise, there is a small residuum of very fragmentary specimens, 
juveniles, and larval forms, not satisfactorily determinable, that are 
not included in this report. 

In this list we are able to enumerate approximately 100 different 
decapods, including 4 species of porcellanid or flat crabs ; in addition, 
there is 1 leptostracan, a barnacle, and 8 species of copepods, making 
a total of 110 different kinds of Crustacea. The greatest number of 
species listed for any one station was 42 from Old Providence ; next 
in order, 17 from Sulivan Bay, James Island, Galapagos. 

Of the new forms described in this paper, two were collected at 
Clipperton Island, where, so far as I have been able to ascertain, 
little or no marine carcinological collecting has ever been done before. 
This coral atoll, which is unique in American waters, supports a 
remarkably interesting marine fauna, inasmuch as 7 of the 18 spe- 
cifically identified species have strong Indo-Pacific ties, and 1, Brachy- 
carpus biunguiculatus, a less strong tie. Indeed, four of those seven 
species are identical with species known from Hawaii and beyond. 


“The amphipods and isopods will appear as separate reports by Clarence R. 
Shoemaker and J. O. Maloney, respectively, of the Division of Marine Inverte- 
brates, U. S. National Museum. 
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SPECIFICALLY DETERMINED CLIPPERTON ISLAND DECAPODS 


Indo-Pacific species Species with Indo-Pacific ties West American species 
Crangon pacificus Crangon hawauensis clippertont Synalpheus nobili 
Lysmata paucidens Crangon paracrinitus variety Pomagnathus corallinus 
Pachygrapsus nunutus Brachycarpus biunguiculatus Callianassa hartmeyeri 
Percnonabbreviatum Thalamita roosevelti Petrolisthes marginatus 


Pachycheles biocellatus 
Gecarcinus planatus 
Platypodia rotundata 
Actea dovit 

Actea sulcata 
Micropanope xantusit 
Teleophrys cristulipes 


In keeping with the presence of the South Pacific genus of skink, 
Emolis, on Clipperton, where this genus is represented by EF. arundelit 
(Garman), is our discovery of (1) the first New World Thalamita, 
(2) a new species of terrestrial amphipod (see footnote 4, p. 7) not 
far removed specifically from Orchestia marquesana Stephensen, of 
the Marquesas Islands, Oceanica, and (3) the littoral crab, Pachy- 
grapsus minutus Milne-Edwards, originally described from New 
Caledonia. 

In order to avoid needless repetition of station data, the species, 
together with pertinent remarks and descriptions of the new forms, 
have been listed in systematic order under the several localities at 
which they were taken. 

I am greatly indebted to Dr. Mary J. Rathbun, Associate in Zoology, 
United States National Museum, Smithsonian Institution, for assis- 
tance in naming the brachyuran Crustacea; and to Steve A. Glassell, 
of Beverly Hills, Calif., for the identification of the representatives 
of the porcellanid genera Petrolisthes and Pachycheles, as well as of 
the pinnotherid crab, Pinnaxodes. Dr. C. B. Wilson, of Westfield, 
Mass., determined the free-swimming and parasitic copepods collected. 
A single leptostracan, Nebalia bipes (Fabricius), was sorted from 
the Magdalena Bay dredgings. 

I shall always be grateful to President Roosevelt for the wonderful 
opportunity he afforded me for gathering the scientific material 
reported in the series of papers of which this is one. 


ANNOTATED LIST OF THE CRUSTACEA 


Cedros Island, Lower California, Mexico, July 17 (sta. 1-38) ; 
shore collecting, both north and south of cannery east side of island. 


Pachygrapsus crassipes Randall............... 445° 372 (II ovig.) 


NO. 6 DECAPOD AND OTHER CRUSTACEA—-SCH MITT 9 


Magdalena Bay, Lower California, Mexico, July 18 (sta. 3-38) ; 
boat dredge inside northern point of entrance to bay, between Belcher 
Point and anchorage, 10-15 fathoms, sandy, weedy bottom, myriads 
of amphipods. 


feepeophiheirus dissumulatus Wilson........-.....2..0.8005 0% 129 


These parasitic copepods were not taken in the dredge, but were 
picked off a broom-tailed grouper, Mycteroperca xenarcha Jordan, 
taken in the Bay by the fishing parties. 


MErOUD es NM AWTICIUS)) Wo os aa wd lee esa este dees tee we ats I 
merocopsis muner: Burkenroad:.. 2.6205 Shan 8s OSs eee Oe ig 12 
ericiunenes (Ancylocaris) holmes: Nobili..../.........05-206% 2 
Beennoncodes planipes Stimpson... 2. fea. Ra oes oe a ee 3 


These are fragmentary specimens regurgitated by a large black 
sea bass caught in bay. 


EMR GESUCS SSCS trys c cine Hidlacauesttais s/s A lute Guntaia eicktare¥ane ewe 1? ovig. 
mieropiinysbranchiahs Rathbun... i. acc ck ee oe he we weds ich) nL. 
MMECIAONECHMANIUS, StIMPSOM. cc. ae oe es $s see eee Pee eee 


Cape San Lucas, Lower California, Mexico, July 19 (sta. 5-38) ; 
boat dredge, 6-10 fathoms, off Punta Gorda, off rocky shore to west 
end San Jose del Cabo Bay. 


mepeophiheirus dissimulatus Wilson.) .... 02. 200 ede ce hee ees 52 


One of these five specimens was found in our dredged material ; 
the other four were picked from the external surface and nostrils of 
a large gulf grouper, Mycteroperca jordani (Jenkins and Evermann), 
taken by the fishing parties this day. 


BEES MCREGICS Eh aedey os Gata WE Sols os ac.5, aude un eles I 


The first of the genus to be reported from the west coast of America. 
Though very probably a new species, the material at hand does not 
suffice for a description. 


Eemicumenes. (Ancylocaris) holmest Nobili..........0..0.000000 2 
mmenicus mexticanus (Gerstaecker) 2... .06.. 6 ede ees eee ee Tule 
ResOma Parvijrons StiMpSONs.... 26.602. secs eee es 435 12 I juv. 


South of Cape San Lucas, Lower California, approximately 
ezo~ 53’ N., long. 110° 14’ W.,.11 p.m., July 19, from port con- 
denser tubes of the Houston. 
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Pleuroncodes plampes Stampson. 2.52. s2caee ee eee nes 504 


About 11:00 o’clock at night, Lt. H. K. Gates, one of the engineer 
officers, called me to the engine room to see a lot of bright red shrimp 
they had discovered in the suction side of one of the condensers 
opened for minor repairs. They proved to be the galatheid shrimp, 
P. planipes, very common in Lower California waters at certain 
seasons. At times they occur in such countless numbers that they 
color the water red for great distances. Huge windrows of the dead 
- shells of these animals have been observed in the past as conspicuous 
red streaks along the shore line. Crustaceans of this type form an 
important whale food and without doubt this species played an 
important part in the former abundance of whales in the Lower 
Californian and Mexican waters. As noted above, a large black sea 
bass taken in Magdalena Bay during the day regurgitated several of 
these galatheids when hauled into the boat. 


Socorro Island, Mexico, July 20 (sta. 6-38), shore collecting, 
Braithwaite Bay, at landing place. 


CYANGON SPECIES. |. Sth S Byetee eyes ise ore © 9.0 ws Ose) cov chee roe I 


CALLIANIDEA LAEVICAUDA OCCIDENTALIS, n. subsp. 


Holotype-—An ovigerous female (U.S.N.M. no. 77788) about 
48 mm. long from rostral projection to end of telson, accompanied 
by a male approximately 35 mm. long and a very small male, perhaps 
juvenile, 18 mm. long. The upper margin of hand from posterior 
extremity to tip of movable finger measures about 17 mm. in the 
holotype and 13 mm. in the larger of the male specimens. 

Description——About to years ago I determined two specimens of 
Callianidea laevicauda from the Tres Marias Islands, Mexico, for 
Sefior Carlos Stansch, at that time an agent of the Direccion Forestal 
y de Caza y Pesca of Mexico. In those specimens, as in these from 
Socorro, most, if not all, of the pleopod filaments are two-jointed. 
Moreover, Pacific specimens of C. laevicauda have the greater part 
of the length of the lower margin of the large chela more or less 
toothed or tuberculate and the ridge on the inner side of the fixed 
finger crenulate. Atlantic specimens which I have examined from 
Puerto Rico, Culebra, Barbados, and Curacao have the lower margin 
of the large chela only very slightly roughened or, at most, obscurely 
crenulate at about midlength only, whereas the ridge on the inner side 
of the fixed finger is smooth. Otherwise, there seems to be little 
difference between the two forms, and such differences as I have 
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observed are no more than of subspecific rank. More material from 
both coasts of America is much to be desired. It is probable that 
Lockington’s record of three specimens of C. tvpa from La Paz in 
the Gulf of California is based upon specimens identical with those 
from the Tres Marias Islands and Socorro. 


ieeausihes Near cinclipes Stimpson... 02... 66.2. eee ce eee eee es Ig 
EIU OUSCUTWS SUIMPSON: fcc kee ec ets ee oe ek ee eee 3) 
BE UTUICOM Pres SUS GUEDIN Sc wel oe es sek we one en Bene es I 
REG T AP SIS e(LATMACUIS ) oclore is afc 200 sto. c, owe srevh ja ote 8 olsiaie Id 
MEER DOU TSE COOR SOND, NITCLS 2 cre ieie ie c's > ya’ate 5 eco aye oo Sele eves esate Seo 1? 
eC IOIIS + SUTMPSOM 5.6% sre sic siete bee ee ee meee aes Ig 39 


Socorro Island, Mexico, July 20 (sta. 7-38) on land, back of 
beach under rock. 


REE EN Sep OAL S  SLIMMPSOU, 0. foie areas rors Senn .a easy sacs Sue nee Oe I 


Socorro Island, Mexico, July 20 (sta. 8-38), boat dredge, two 
hauls, 7-8 fathoms, sandy bottom, from off landing beach toward 
rocky point forming east side of cove where landing is located. 


MME eS UCI wale ayes shies eo hregs tr EME ente eh ote fe 85/6. &, she td a ewes eats 1 fragment 
MMNOVIUS  PANAMENSIS, StIMPSON... 2.025 < wl cebu + eae ern I 


Clipperton Island (French possession), July 21 (sta. 9-38), shore 
collecting at Clipperton on rocks to south of landing place (on north- 
eastern shore of atoll). 


CRANGON HAWAIIENSIS CLIPPERTONI, n. subsp. 


Holotype-—Largest of eight specimens, a female approximately 
3 mm. long, upper margin of palm of large hand 4.4 mm., chela, 
over all, 5.6 mm. (U.S.N.M. no. 77789). 

Description—This apparently new form differs but slightly from 
the description and figures given by Edmondson for his C. hawaiiensis 
(Bull. Bishop Mus., No. 27, p. 14, fig. 2, 1925) ; so slightly, indeed, 
that I asked Dr. Edmondson to reexamine his unique type in the light 
of the differences that I did discover. 

In our Clipperton Island type and the specimens accompanying it 
the inner side or surface of the larger chela is smooth, as in the 
species proper ; the outer side also appears smooth on casual inspec- 
tion, but when excess moisture is removed, the presence of two not 
very conspicuous longitudinal grooves is revealed on the outer face 
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of the chela. The larger and deeper of these two inconspicuous 
grooves runs back from the articulation of the movable finger ; the 
other, a little below the articulation, is shorter than the larger groove. 
The tip of thé rostrum extends very little or scarcely in front of a 
line joining the anterior margins of the orbital hoods. 

Dr. Edmondson writes me that he is unable to find any evidence of 
these longitudinal grooves on the outer side of the palm, and that the 
rostrum of his C. hawatiensis is even longer and sharper than indi- 
cated in his figure, that it extends to a greater distance beyond the 
orbital hoods than is shown in the figure, and that the terminal por- 
tion of the rostrum is very narrow. 

The specimens we have are certainly distinctively different from 
C. hawatiensis on the basis of the character of the larger chela and 
the rostral length alone. Therefore, in spite of the close agreement 
between our specimens and the type of the species in almost all other 
points, [ venture to refer to them as the Clipperton Island subspecies 
of Edmondson’s species. 


Crangon ‘paracrinius Miers, variety. 3.5. sao. osc 6 eee 4 


These four specimens seem to bridge the differences existing be- 
tween the species proper and its known variety bengalensis Coutiére. 
As in that variety, our specimens lack the spine with which the minor 
chela of the type is armed. On the other hand, the proportions of 
the carpal joints of the second legs are more like those of the typical 
specimens than those of the varietal form. The rostrum of our speci- 
mens is small, there are no orbital grooves, and the hands and carapace 
are smooth. I do not feel justified at this time in giving these variants 
of C. paracrinitus a name. 


Crangous pacincus (Daiia 0.) oe ok ee aie a bee eae Z 
Crangon” Species 33555. De cides ble in whe ths eel te se ee ee 2 
Sanalpheus nobultiCoutiere. 22. one seis eee a 28 (9 ovig.) 


These specimens were of a brown-red color with darker transverse 
bands across the abdomen. 


Pomagnathus corallinus Chace....... wale ige.o ae: avele Ga ROE oa 
Lysate pPaucidenssWathiiar. Giese sn oe cela se Seta 32 (3 Ovig.) 


This species was originally described from the Hawaiian Islands 


(Rathbun, Bull. U. S. Fish Comm. for 1903, vol. 23, pt. 3; poms 
pl. 24, fig. 4 (1906) ) and is common about Oahu and other islands 


and shoals in the Hawaiian area. 
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Nearly all of our specimens have four dorsal rostral teeth, of which 
two, usually, were on the carapace and two on the rostrum proper ; 
one specimen had five teeth above; and one with an unusually short 
and certainly abnormal rostrum had only three teeth above; below 
there is mostly but a single tooth, sometimes two. 

Outer antennular flagellum has 7-11 (usually 8-9) free joints and 
5-7 fused, the free portion is iuees than the fused, except in very 
young and small specimens. 

The multiarticulate carpus of the second pair of eee may have 
from 20-25 articulations. 

As compared with L. galapagensis Schmitt, L. paucidens has fewer 
dorsal rostral teeth, and a relatively longer rostrum which is nor- 
mally longer than the eyes by that portion which lies anterior to the 
ventral tooth and which reaches about or even beyond the middle of 
the second joint of the antennular peduncle. The first pair of legs, 
the chelipeds, are relatively more slender, the second pair noticeably 
longer ; and there are consistently more joints to the free portion of 
the outer antennular flagellum. The ambulatory legs and the body 
habitus of the two species are very much alike. 


Emuenycarpus biunguiculaius (Lucas)... . 2.22.0... ses se eases 1? 


Kemp (Rec. Indian Mus., vol. 27, pt. 4, p. 312, 1925) has dis- 
cussed this species and given an all synonymy. He very prob- 
ably correctly regards Nobili’s B. advena from the Red Sea (Ann. 
Sci. Nat., Zool. (9), vol. 4, p. 75, pl. 4, fig. 1, 1906) as a synonym of 
B. biunguiculatus. 

It was somewhat of a surprise to find a single small female of B. 
biunguiculatus about 20.3 mm. in length among the Crustacea col- 
lected at Clipperton. In fact, it was not until a drawing of the telson 
was completed that it was suspected that we were dealing with a 
Brachycarpus at all. In most, if not all, particulars our specimen 
seems to fit the characterization of the species as set forth by Kemp, 
except in the number of segments in the fused basal portion of the 
outer antennular flagellum, which appears to have but seven seg- 
ments. Kemp gives a range of from 15 to 23 segments in specimens 
which he examined, which included some from the West Indies. I 
examined our West Indian and Bermuda specimens and found that 
the larger specimens, both male and female, from Bermuda, Puerto 
Rico, and Barbados, upward of 40 mm. in length, had 15 to 21 seg- 
ments in the fused basal portion of the outer flagellum, and about 
the same number in the thicker, free portion. On the other hand, the 
small specimens, mostly from 25 to 27 mm. in length (one 39 mm.), 
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Fic. 1.—Brachycarpus biunguiculatus, female. A, Lateral view of carapace 
and rostrum X 6; B, first lez 6; C, left second leg X 6; D, right second leg 
xX 6; E, third leg & 6; F, same; dactyl X 16; G, antennule < 7; H, antennal 
peduncle and scale & 7; J, mandible & 15; J, maxillule & 15; K, maxilla X 15, 
the tip of the endopodite appears roughened, perhaps only kinked or slightly 
damaged; L, M, N, first, second, and third maxillipeds & 15; O, P, first and 
second left pleopods * 15; Q, telson 15. (The magnifications are approxi- 
mate.) 


+# 
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from Barbados, off Jamaica, and Puerto Rico, had 8, 9, or 10 fused 
segments and from 10 to 13 free segments. 

I do not find any characters that would indicate that the small 
specimens are other than B. biunguiculatus, although several of them 
are ovigerous. I have seen no small specimens with the segment count 


- of the fully developed large ones, and therefore believe that this 


species varies considerably in the segmentation of the fused and 
thicker free portion of its outer antennular flagellum. 


The rostrum of our Clipperton Island specimen has 7 teeth, of 


which the first two dorsal teeth are on the carapace, the next two are 
above the ocular peduncle, the last three are anterior to the eye; the 
anteriormost is very close to the tip of the rostrum; the ventral teeth 
are about as strong as the dorsal; the proximal tooth is placed just 
proximal to the anterior margin of the cornea, not beyond or anterior 
to it. The rostrum is slightly longer than the antennular peduncle and 
slightly shorter than the antennal scale. 

The outer anterior angle of the basal joint of the antennular peduncle 
is armed with a well-developed spine, the tip of which exceeds the 
second joint of the peduncle. The spine of the antennal scale reaches 
to the end of the sixth article for the fused part of the outer anten- 
nular flagellum, the anterior margin of the blade to the end of the 
fifth article. The free portion of the shorter ramus of the outer 
antennular flagellum is a little longer than the fused portion; each 
appears to be composed of about seven articles. 

On the anterior margin of the carapace the antennal spine projects 
well in front of the suborbital projection or angle; the hepatic spine 
is placed not much below the level of the antennal spine and is less 
than the length of that spine behind the anterior margin of the cara- 
pace ; the hepatic spine is also less than half the size of the antennal 
spine, ; 

The right second chela is very slightly larger than the left; it ex- 
ceeds the antennal scale by the entire propodus. The fingers of either 
chela of this pair are slightly shorter than the corresponding palm or 
merus ; the carpal joints are a little more than half the length of the 
corresponding palms. } 


mmronassa harimeyert Schmitt... ........02... 005-0 s cece es igs we 


Our specimens agree with those figured and described by Hult 
(Arkiv Zool., vol. 30A, No. 5, p. 7, figs. 1-4, pl. 1, 1938). On the 
chelae of these specimens there were bright ochraceous to orange 
ochraceous (Ridgway) irregular color markings ; both fingers toward 
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their distal china-white tips were of this golden yellowish brown, the 
palms showed an irregular pattern of color and the upper surfaces 
of carpus and merus were likewise suffused with it, the color being 
more concentrated and stronger on the merus than on the carpus. It 
struck me as a bit unusual that burrowing shrimps such as these, so 
often referred to as ghost shrimps, should show any particular color - 
markings at all other than very light shades of blues, pinks, or very 
light flesh color. 3 


Petrolishes marginals Stimpson: scias 4 - sec) oe ee ee Ai 
Pachycheles biocellatus (ockington)=.. 2. == .4- ee eee 19 


THALAMITA ROOSEVELTI, n. sp. 2¢ 19 
Fig. 2 


Holotype—A male (U.S.N.M. no. 77787), the largest of three 
specimens, measures 19.6 mm. in greatest width across the tips of the 





Fic. 2.—Thalamuta roosevelti, male. A, Dorsal view of carapace < 2; B, outer 
face of right chela and carpus 2; C, basal joint of antennal * 4; D, distal 
segments of abdomen * 2. (The magnifications are approximate. ) 


fifth pair of lateral spines marking the posterolateral angle of the 
carapace, and 13.4 mm. long from the posterior margin to the anterior 
border of the median lobes of the front. The movable fingers of 
either chela are approximately of the same length, about 7 mm. each; 
the left hand a shade less than 5 mm. in dorsal length of palm, the 
right one just about 5 mm. long. The left palm is also a little, but 
not very noticeably, stouter than the right. 

The other two known specimens of the species are both immature, 
a male and a female of approximately the same size and measuring 
about 11.2 mm. in greatest width; the female is scarcely larger than 
the male. 

Description—Thalamita roosevelti is one of a group of three very 
closely related species, which includes T. alcocki de Man (Abh. 
Senckenb. Ges., vol. 25, p. 646, 1902) and T. gardineri Borradaile 
(Fauna Maldive and Laccadive Archip., vol. 1, p. 205, fig. 36, 1902). 
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The length of the carapace is very nearly two-thirds its greatest 
width, the posterior margin just about a third. The transverse ridges 
or keels on the carapace are well defined and finely crenulate on their 
anterior margins; in number, position, ornamentation, and arrange- 
ment they are not unlike those of T. gardineri as figured by its author. 
I cannot make out from Borradaile’s drawing whether the entire sur- 
face of the carapace is finely granulate, or whether just its dense pubes- 
cent investiture is indicated. Except for the keels and several small 
patches of granules, the carapace of T. roosevelti is covered with a 
short, thick pubescence that hides its surface. This was found to be 
smooth and finely punctate where the pubescence was scraped off 
with a needle. Just behind the bases of the adjacent portions of the 
median and submedian lobes of the front, and also toward the bases 
of the second and third lateral teeth of the carapace, there is a small 
scattering of granules which rise. at least to the level of the top of 
the short pubescent covering of the carapace and are not at all 
obscured by it. 

In both T. gardinert and T. alcocki the anterolateral margin is de- 
scribed as more oblique than in T. exetastica Alcock (Journ. Asiatic 
Soc. Bengal, vol. 48, p. 86, 1899), and so is it also in our species. 

The median lobes of the front are separated by a distinct, narrowly 
U-shaped sinus which runs backward behind the level of the anterior 
margins of the submedian lobes as far as, or even a little farther than, 
the sinus either side of the median lobes which separates them from 
the submedian lobes. In T. alcocki the median sinus of the front runs 
back only to the level of the anterior margins of the submedian teeth, 
much as in 7. exetastica; in T. gardineri this sinus is like that of 
T. roosevelti in depth. The median lobes are distally rounded off ; the 
right one is a little wider than the left; in the front the median lobes 
are placed at a slightly lower level than the submedian lobes; these 
slightly yet definitely overlap the median lobes. In T. gardineri there 
is no overlapping of the median lobes by the submedians. The an- 
terior margins of the submedian teeth, though lightly convex, are in 
general transverse, more so in the young, immature specimens than 
in the larger type specimen. In T. alcocki the anterior margin of the 
submedian lobes is said to be very straight and transverse. The outer 
lobes of the front above the antennae are separated from the sub- 
median lobes by a sinus about the size and shape of the median sinus 
of the front, only a little deeper; the lobes of this outer pair are 
narrowly triangular, distally blunt. 

Of the teeth of the anterolateral margin, the first (extraorbital) is 
the largest, though not quite the longest measured along its outer 
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margin; the second and third teeth are very much alike in size and 
shape, the third is slightly less stout than the second, both are more 
or less subequal in length of outer margin and both are longer than 
the first ; the fourth tooth 1s the smallest, perhaps half the size of the 
third, but in no sense rudimentary ; fifth not shorter than any of the 
others, but more slender, and so appearing rather long. 

The lateral, as well as the frontal teeth of our species in relative 
size are very similar to the other two species with which it is compared. 

The basal antennal joint is about as long’as the orbit is wide. It is 
provided with a high, prominent crest, plainly visible in dorsal view. 
This crest, to all appearances, is fairly smooth and unarmed, but, on 
close inspection with considerable magnification, is seen to be slightly 
roughened or obsolescently nodulated with low, irregularly placed 
swellings of its upper margin, more to one side or the other than 
actually on the margin itself ; the crest is neither denticulate nor spined, 
it might be called obscurely granulate, but it is more lumpy than 
granulate ; either side of the crest, lower down, the surface of the 
joint is small tuberculate ; these little, more or less low conical tubercles, 
are larger on the proximal end of the joint than distally. I am of the 
opinion, although I have seen no specimens of T. alcockt, that the crest 
of its basal antennal joint may be much like that of T°. roosevelti here 
described. This crest in T. gardineri, as it is not contrasted with 
exetastica in Borradaile’s remarks, must, by implication, be, as in that 
species, very plainly denticulate, for, as figured, it appears more or 
less saw-toothed. 

Either hand of the nearly subequal chelae has a blunt squamose 
ridge on its inner face; the inner upper margin is armed with two 
stout spines, of which the posterior, arising behind middle of palm is 
larger, longer, and stronger, the anterior spine is a little behind the 
distal margin of the palm; on the outer margin of the upper surface 
of the palm is another strong spine about the size of the anterior one 
on the inner margin ; on the outer margin, just behind the distal border 
of the palm, is a blunt, conical tubercle ; there is another strong, stout, 
sharp spine on the palm at the carpal articulation, the fourth of those 
arming the chela; on the outer surface of the palm is a low, squamose 
ridge running from below this last mentioned spine to the articula- 
tion of the movable finger ; below this ridge are two other better de- 
fined, crenulate ones ; the upper one is the stronger, with larger crenu- 
lations, anteriorly it bends downward a little, to be continued on to 
the outer side of the fixed finger as a more or less smooth, noncrenu- 
late carina; the crenulations of the lower ridge, as it runs on to the 
finger, become progressively smaller until they fade out, so that the 
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anterior third of that portion of the ridge traversing the finger is 
smooth. The under surface of the hand is smooth ; between the ridges 
there are scattered granules and small squamiform tubercles and some 
slight pubescence ; above the low, squamiform ridges either side of 
the palm and on its upper surface are a number of low, squamiform 
tubercles, more or less concealed by the thicker pubescence here, some 
are a little more conical than others and raised a little above the pubes- 
cence. The armature and ornamentation of the hands seems to be 
about as described for T. alcocki and, in general, not so very unlike 
the somewhat sketchy drawing of T. gardineri, although in the latter 
species, in place of the anterior conical tubercle on the outer margin 
of the upper surface of the palm, a spine as strong as the one behind 
it or opposed to it on the inner margin is shown. 

The movable finger, measured in a chord from tip to the middorsal 
point of the anterior border of the palm, exceeds, by about 2/7 of its 
length, the dorsal length of the palm measured back from the same 
point. The two chelae are about of the same size and have their fingers 
more or less of the same length; the right movable finger is very 
slightly the shorter. De Man states that the fingers of T. alcocki are 
shorter than the palm; in 7. gardineri, as drawn, the movable fingers, 
at least, in the given dorsal view are longer than the upper margin 
of the palm, while in the figure presenting the outer face of the 
chela the finger is shorter than the dorsal length of the palm; as this 
figure has been especially drawn to show the character of the chela, 
it undoubtedly portrays the correct relation of finger to palm. 

The carpus of the cheliped has a long, strong spine at the inner 
angle about twice the length of the palmar spine at the carpal articu- 
lation. There is a curved crenulate line back of this spine; upper 
surface of carpus granulate or low tuberculate ; there are three spines 
toward the outer side of the carpus, the inner of these is the sharper, 
the next or middle one the larger, more produced, and subacute, the 
outer one is blunter, low, and more or less conical, a low ridge runs 
back from the first and third of these spines; the ridge behind the 
first of the three spines is fine-crenulate, the other ridge behind the 
third spine is apparently finely and almost obscurely denticulate. 

The merus of the cheliped has three spines on the anterior border, 
the distalmost is the larger and placed at a lower level than the others, 
the proximal the smallest ; there are several small denticles or tubercu- 
liform teeth before the proximal spine, one between it and the second 
spine, and two or three, little larger than granules, bunched between 
the second and third; the anterodistal angle of the merus forms a 


20 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


flattened, roughly rounded lobe with denticulate or small tuberculate 
margin. 

The posterior border of the propodus of the fifth or swimming leg 
is armed with spinules. As viewed from above there are four short, 
stout, acute spinules—one could well call them spines—on the right 
propodus this side of the close-set fringe of long hair that marks the 
anterior (upper) margin of the joint and a single one the other side, 
behind the fringe of hair, inserted proximal to the proximalmost of 
the four spinules dorsal to the fringe of hair; on the left propodus 
there are eight spinules above or dorsal to the fringe of hair and three 
behind, these three are inserted distal to the second of the spinules of 
the upper side ; the first two spinules on the upper side of the fringe of 
hair on the left propodus are colorless, small, and relatively incon- 
spicuous for that reason; the other spinules for the most part show 
more or less reddish color. In T. alcocki the hinder margin of the 
propodus of the fifth pair of legs is armed with 5 sharp spinules; in 
T. gardineri with Io. 

Color.—Of the alcoholically preserved type: Granulations showing 
through the pubescence of the carapace, and the crenulations of the 
keels or ridges ornamenting it are reddish. 


The movable finger of the chelae is white-tipped, followed by a. 


brownish transverse band, then a white band of about the same width. 
Neither band is as wide as the white portion of the tip, and both 
together occupy about as much space as the reddish brown basal por- 
tion of the finger. The middle third of the fixed finger is brownish, 
distal and proximal thirds white. 

The lateral spines of the carapace are red tipped and there is a fleck 
of the same color near the base on the outer margin of each of the 
lateral teeth except the fourth; behind the corresponding fleck on the 
fifth lateral spine there is a second spot of color farther down or pos- 
terior to the first fleck, a little more removed from that fleck than it 
is from the colored tip of the spine; the tubercles and granules of the 
chelipeds are also of a reddish color; the spines arming the hands are 
color-marked like the lateral spines. The ambulatory legs are dull 
blackish brown barred; there are two transverse bars of this dark 
color on the dactyl, a very wide one around the middle of the propodus, 
a similar one around the carpus, and two narrow ones about the merus. 

Remarks.—F rom the species of Thalamita that fall within the pur- 
view of Alcock’s group II.A (Journ. Asiatic Soc. Bengal, vol. 68, p. 
73, 1899) ours is at once distinguished from T. investigatoris and im- 
parimanus, and I believe also from T. tenuwipes, by the fact that in 
these species the hinder margin of the propodus of the last pair, or 
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swimming pair, of legs is smooth, not armed with spinules. 7. evetas- 
tica and most of its subspecies and varieties are also distinguished 
from our species by the absence of these propodal spinules which are, 
however, present in at least one variety of exetastica. All the exetastica 
forms differ from 7. roosevelti and most if not all other Thalamitas 
in possessing a small accessory tooth or spine on the outer side of 
the first lateral, extraorbital tooth of the carapace. There is no trace 
of such an accessory tooth in 7. roosevelti. 

The basal antennal joint in our species is not wholly smooth, as it 
has been described for T. alcocki, or low and almost indistinguishable, 
as in imparimanus ; neither is the crest what one would in any sense 
call denticulated, which it plainly is in 7. investigatoris, exetastica, 
gardineri, and kiikenthali, or armed with two large and prominent 


teeth fused at the base as in T. tenuipes. In T. roosevelti the basal 


joint, as described above, has a well-formed high crest visible in dor- 
sal view, rather smooth appearing and at most no more than obscurely 
denticulated, revealing, under the magnifier, small, low, irregularly 
placed swellings or obsolescent small tubercles. 

With respect to the character of the basal joint and the armature of 
its hands, T.-roosevelti stands near T. alcockt; in the equality of the 
chelipeds, proportions and general appearance of the front, carapace, 
and lateral teeth, near T. gardinert. From the former our species 
differs in having a relatively wider and deeper incision or sinus be- 
tween the median lobes of the front, in having the fingers longer 
instead of shorter than the palmar portion of the hand, and in being 
armed with nearly twice as many or more than twice as many spinules 
on the hinder margin of the propodus of the last pair of legs. From 
T. gardineri our species differs by virtue of the fact that the submedian 
lobes of the front overlap the median lobes in not having a truly or 
plainly denticulated crest on the basal antennal joint, and in the rela- 
tively longer fingers. 

Even if Miss Gordon’s recently described T. malaccensis (Bull. 
Raffles Mus., No. 14, p. 176, figs. 2, 3, 1938) is to be considered one 
of the species possessing a six-lobed front, the fact that the outer 
lobes of the front are marked off from the submedian lobes by a mere 
convexity of the anterior margin instead of a well-marked sinus or 
incision sets it well apart from the one we have here described. 


meepoatm roiundata (Stimpson) .......6 5... c ee ence ees 26 29 
RMR COPS LITIPSOMM p< oe) Patag tials asa Sale: ocd ove re Xe # aisieieg 6d wee ie 
MEAS SUIT SOLD Saris cress 8s nara’ ad Se ecole oh weds Seas demo tone 1? 
Micropanope xantusii (Stimpson).......... Id 42 (3 ovig.) 5 juv. 


22 : SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


Teleophrys cristulipes Stimpson.............+. 29 (1 ovig., I juv.) 
Pachygrapsus minutus Milne-Edwards............ IQ ovig., 20 juv. 


In the figure given by Milne-Edwards for P. minutus (Nouv. 
Arch. Mus., Paris, vol. 18, p. 292, pl. 14, fig. 2, 1873) the posterior 
border of the merus of the last pair of legs is without armature 
except at the postero-distal angle. 

The merus of the last pair of legs of P. murrayi, as Calman states 
(Proc. Zool. Soc. London, 1909, p. 708, pl. 72, figs. 4, 5, 1909), “has 
two smaller teeth [besides those at the postero-distal angle] side by 
side near the proximal end.” One could perhaps better describe these 
two small, yet somewhat elongated, juxtaposed teeth as a bidentate, 
tuberculiform tooth. From between the two denticles of this bidentate 
tooth a stiff hair or seta arises ; proximal to this tooth are two or three 
little denticles on the inner, ventral margin of the joint. The upper 
margins of the ambulatory legs are furbished with a close-set fringe 
of “feathered” setae, thickest on the propodi of the last pair of legs, 
and probably present on all joints. The hairs of this fringe are easily 
broken off, at least in preserved material, as they are more or less: 
wanting on certain legs and joints. Such a fringe is not mentioned 
by Dr. Calman nor shown in his figure of the type. The front of 
our specimens is about, or a little more than, half the width of the 
carapace ; otherwise Calman’s description of murrayi fits them almost 
exactly. . 

Because of this apparent difference I was inclined to believe Cal- 
man’s species other than the one briefly described by Milne-Edwards. 
However, the view of a number of authors that the former is 
identical with the latter is fully substantiated in a communication 
which I recently received from Prof. L. Fage, of the Muséum 
National d’Histoire Naturelle, Paris, to whom I am more than 
grateful: 

Je viens d’examiner les cinq échantillons de Pachygrapsus minutus qui ont 
servi a la description de Milne-Edwards. Ils possédent la petite épine géminée 
au bord postérieur du meros de la dernicre paire de pattes. 

J’ai comparé ces échantillons avec la fig. du Sesarma murrayi et je n’ai trouvé 


aucune différence. 
La synonymie n’est pas douteuse. 


Percnon abbreviatum (Dana) .......-.+-+2.eeceeeeee 2 juv. (gf) 


A first eastern Pacific record for the species, originally described 
from Tahiti and taken since that time in the Indian Ocean, and at 
Hawaii, Fanning, Ocean, and Wake Islands. 

In the absence of an available key to the valid species of Percnon, 
the following tentative one is offered. 
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KEY TO THE SPECIES OF THE GENUS PERCNON 


A’. Pilose groove along upper margin of chelae about or nearly as long as the 
upper margin of palm. 

B*. Anterior margin of epistome armed with three spines, one median and one 
at either end. 

C*. Second of lateral teeth of carapace, counting the one at anterolateral 
angle, inconspicuous, very much smaller than third or indeed any 
of the others (this character holds for even the smaller specimens). 
Carapace squarish, scarcely if at all longer from notch in extremity 
of rostrum to posterior margin than wide; rostral notch shallow, the 
spines forming it widely spread............... abbreviatum (Dana). 

(Proc. Acad. Nat. Sci. Philadelphia, vol. 5, p. 252, 1851; Crustacea 
Us: Explors Exped; vol: 1,-p. 373) 1852, atlas, pl! 23) fig. 11, 1855-) 

C*. Second lateral tooth at most only slightly smaller or shorter measured 
on the outer margin than third. Carapace longer from rostral notch 
to posterior margin than wide; rostral notch not noticeably shallow 
nor spines forming it particularly widespread 

pilimanus (A. Milne-Edwards).° 
(Nouv. Arch. Mus. Hist. Nat. Paris, vol. 9, p. 300, pl. 14, fig. 5, 
1873.) 

B’ Anterior margin of epistome with but a single, the median, spine. Second 
of lateral teeth of the carapace, counting the one at the anterolateral 
angle, of good size, but smaller than third, measured on the outer mar- 
gin only about two-thirds as long as the third. Carapace more or less 
rounded or narrowed anteriorly, longer than wide....demani Ward.° 

(Bull. Raffles Mus., No. 9, p. 24, pl. 3, fig. 3, 3a, 1034.) 
A’. Pilose groove on upper margin of chela relatively short, never more than 
half the length of the palm, often much less. Pubescence on palm other . 





° This spécies, at least in well-developed males, is characteristically distin- 
guished from all other Percnons by the conspicuous, thick, felted patch of hair 
on the inner side of the palm, and on the inner upper surface of the merus. In 
some females that I have seen, the pilose patch is not only reduced in size, but 
the hairs forming it are shorter and less conspicuous than in the male. I have 
examined three specimens lent me by the Museum of Comparative Zodlogy 
through the kindness of Dr. Fenner A. Chace, Jr., in which the second lateral 
tooth is a little smaller and shorter than the third, if only slightly so. In Milne- 
Edwards’ figured type the reverse seems true; the second tooth, as drawn, is 
definitely larger and stouter than the third. 
°In the U. S. National Museum collections I have discovered four specimens, 
two small females from the Philippines and a small male and medium-sized 
female from the Celebes, which I believe represent the species which de Man 
had questionably assigned to P. abbreviatwm (Dana) and on which Ward quite 
rightly bestowed a new name, demant. De Man was influenced in his tentative 
determination by the reduced size of the second lateral tooth of the carapace, 
which, however as he remarked, can in no sense be described as inconspicuous. 
It is very inconspicuous in true abbreviatum. In Ward’s halftone illustration of 
| demani the second lateral tooth appears at least as large or as long as the third, 
if not longer. Unless this second tooth is noticeably smaller than the third in 
| the specimen itself, the figure represents a species other than demani. 
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than in groove slight or wanting. Anterior margin of epistome armed 
with three spines, median and pair of laterals. 
B*. Groove very short, inconspicuous, scarcely a sixth of the length of the 
Uppers manginwon palm Ome ESseememeeranciseeie planissimum (Herbst)." 
(Naturges. Krabben u. Krebse, vol. a pt. 4, p. 3, pl. 50, fig. 3, 1804. 
Alcock, Journ. Asiatic Soc. Bengal, vol. 60, p. 439, 1900.) 
B*. Groove longer, about a third (from a fourth to a half) the length of the 
LP PEL eInabciNwOltheapalmnnar eects eee gibbesi Milne-Edwards. 
(Ann. Sci Nat., ser. 3, Zool., vol. 20, pp. 180, 146, 1853. Rathbun, 
Bull. 97, U. S. Nat. Mus., p. 337, pl. 105, 1918.) 


Gecarcinus: planatus, Stumpson..«\ ee cee ee eek ei be eee Ig 


One of the few land crabs seen. In former years this species was 
exceedingly abundant on Clipperton. It is possible that the drove of 
wild pigs loose on the island has so reduced their numbers that they 
now seem scarce. 


Sulivan Bay, James Island, eee July 24 (sta. 15-38) ; 
shore and tide-pool collecting. 


Lepeophtheirus dissimulatus Wilson.............0000ee ees ig 52 
Crangon cylindricus Kingsley: re. 1085... ieee ye I 
Crangon malleator (Dama yaa... isis ays) eoslaea aye ots oust) ee 2 
Synalpheusenovily (Coutienes a: ta. tie eiiets <n oe oe eee eee 7a 


One of three specimens assigned to this species is but tentatively 
placed here. In many respects it resembles a closely related species, 
S. sanlucasi. As it does not have the stout legs characteristic of that 
species, this specimen has been placed here as a variant perhaps of 
S. nobili. 


* This species of Percnon and the next are very close and very similar. There 
is some variation in the length of the pilose groove of the upper margin of the 
hand. The characteristically short groove of planissimuwm holds for all speci- 
mens of more than three-fourths of an inch in width. In some smaller or im- 
mature specimens, chiefly females, the groove appears relatively longer than 
in larger, better-developed individuals. Specific distinctions are best exhibited 
in well-developed males. 

There is another character not referred to in the key that seems to hold for 
many specimens of either of these two species of Percnon, but not for all unless 
I am mistaken in some of my identifications. In P. planissimum the teeth of 
the lateral margin of the carapace, at least those following the one at the antero- 
lateral angle, are more or less subequal; the second and third teeth, counting 
the extra orbital tooth, measured on their outer margins are about of equal 
length. In P. gibbesi the outer margin of the second lateral tooth, counting the 
one at the anterolateral angle of the carapace, measured on the outer margin 
is in general or in many specimens appreciably a little shorter than the third. 
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Ewenycheles biocellatus (Lockifigton)....0. 05.60 56ce00 cee elees Ig 
PRES OUSCHY US JSUIMPSOMs cf )0s Le dle,cia aches a4 didn Ab lates eal ae I 
Mero mC NE 17 SHIGE SEMNPSOUs sr. fa gd a alee sal ieehal b dise qo dieis giclee 19 
Rayon, gemmata Rathbutl... 3.6.0 d eck s elec dase e ees neces Id 
OUT SUITS OM .psePie Sais s a vets sls dicyele bitte Bo SS alee hue wld 8 aleve 29 
BEOUTUS COORSONT, MITCTS 2... bath. < siad wae bjt leoe } Bias If 29 (1 ovig.) 
Eriphia granulosa A. Milne-Edwards........ 3d 42 (2 ovig., 3 juv.) 
meuoes uspiaa (SuitipsOM). 2... 26565 babes os ce eae deals as 39 
Re SM OVOD SOS: LANNACUS! 12 .02i2Eus vee si eolea’e Slave. « desea pelea Walace Ig 
VGTAPSUS: trOnsversus )(GibDES)) i. 5 22 teies oe diene 802 ele ole relat Ig 
meaanon giovest (Milne-Edwards) ........02.0<e00206 ete s. I juv. 
Merron modosus Bell. oc... ec. kb acs ee hssebenns nese 65' 92 3 juv. 
Meo phrys cristulipes StimpsSOn: ... 0... cee eee ee cee 36 19 3: juv. 


Narborough Island, Galapagos, July 25 (sta. 16-38), shore col- 
lecting, east side, opposite Tagus cove. 


BEE PAOTEI TUL CY? sev OlMCS tails, saxcter 5 oid a wenn; Wie is alba ever Wieidese oe nee. 4 


Rostral teeth iS ; in three of the specimens the first two teeth of 


upper series are definitely on the carapace. 


SBME CBS ORCIESY 5s ites aja sh Sole oie shale dc sw arse crate eet 4 
BMPS ROOSEIT US, SUITMPSOU.. 65. ais ce «<= 5 ier, ¢ oj es oo 0 ie bio ale Rhee cnaee I 
mepiodius cooksom (Miers)..............- 10g 39 (2 ovig.) 2 juv. 

Re CTU SH SUMP SOM: hicrscie cole ess Siauese- ekecels hie m wisele win oaks 25 19 
Meaoscnudaciylus (ockington) i... elie vee eee 2¢' 49 
Geograpsus lividus (Milne-Edwards)...... Raa ereieeh o raegerete Neloss ih, le 
RS me OCU ONSS ICU cet 8 Recta lay Ne Ronco sae ekar es ee te aeevee af ee Ig 


Tagus Cove, Albemarle Island, Galapagos, July 26 (sta. 18-38), 
from anchor chain at anchorage, 10 a. m., 50 fathoms. 


BEIIMLINELICANG BeENeCdICt. ...<. scc.s cei sc due coe s ccs deaeeeeues 28 


The specimens are all about the size of or slightly smaller than the 
material mentioned in Benedict’s description of the species. Though 
first taken by the United States Fish Commission Steamer Albatross 
from 65 fathoms in Panama Bay in 1888, the species was based on 
the type which was obtained the same year by the same vessel while 
operating in 784 fathoms off Charles Island in the Galapagos. Ad- 
ditional specimens from that particular cruise were taken off Chatham 


| Island, Galapagos, in the Gulf of California, and off Magdalena Bay, 
_ in depths ranging from 94 to 151 fathoms. All told, the Albatross 
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captured 23 specimens, including the type. Until our own 28 speci- 
mens were found sitting on the anchor chain by Lieutenant Com- 
mander Kelly as the anchor was being hoisted prior to leaving our 
anchorage off Tagus Cove, the species had been reported only once 
since the Albatross collected it. Heller and Snodgrass obtained a 
single specimen from a rocky reef north of Tagus Cove, March 3, 


1899. 


Elizabeth Bay, Albemarle Island, Galapagos, July 26 (sta. 19- 
38), landed in bay at south end of black beach north of mangroves, 
north of two red islands. 


Crangon sirenuus (Waal) aac a: enmtatnernie 3 senders ate I 


The antennular peduncles of this one specimen are stouter than 
what may be considered typical for the species; the larger chela is a 
little less massive and has its proximal portion behind the notches in 
the dorsal and ventral margins of the hand slightly longer than usual. 
For want of more and sufficient material, this specimen has been 
identified as C. strenuus with reservations. 


Calhianidea laevicauda occidentalis Schmitt..............-..0+0.e08 I 


Only the anterior portion of this specimen seems to have been 
obtained. 


Petrolisthes SpecieS: 2. isa hbus gee Shee a eel. 2 Ce 6 
Chbanarius Spe Teac RO es bee Soko oe Pe nee ee 9 
Galomus Obscurus StimapsOm aise: ss op. 4 wera ele eee 6. 


Leptodius coorsont (Miers) sino scieer. os «ete cee 14d 49 
Pinnaxodes chilensis (Milne-Edwards)\..:.... 2:22.) -s eee I 


This is the first time this species has been observed in the Galapagos 
Islands. Austin H. Clark, who has reported upon the echinoderms 
collected, discovered this pea-crab in one of several sea-urchins, 
Caenocentrotus gibbosus (L. Agassiz and Desor). 


Grapsus orapsus: (einnacus ela f=. biases ois ote ee 19 ovig. 
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Mithrax nodosus Belliee Oaecew nd es ase toe ae ee 1a 


Post Office Bay, Charles Island, Galapagos, July 27 (sta. 21-38), 


specimens gathered ashore by members of the crew. 
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Off Gardner Bay, Hood Island, Galapagos, July 27 (sta. 22-38), 
at anchorage, with electric light off gangway, 11 p.m., dip net. 
A number of each of three species of free-swimming copepods : 


Temora stylifera (Dana) 
Centropages furcatus (Dana) 
Undinula caroli Scott 


South Seymour Island, Galapagos, July 29 (sta. 23a-38), at 
anchorage, with electric light from gangway, I1 p.m., dip net. 
A number of each of three species of free-swimming copepods : 


Eucalanus attenuatus (Dana) 
Pleuromamma piseki Farran 
Undinula caroli Scott 


James Bay, James Island, Galapagos, July 30 (sta. 24-38), from 
bottom sample taken in 24 fathoms. 
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Chatham Bay, Cocos Island, August 2, shore. 

7 ERIASEISISiIaD © 0/2 SR AER Bas ae ei ates Oca one SE Or RAEN I 
A small specimen in poor condition. 

REO ORGOMUP TCS SOs CrUCTIN)oriecia s fais a ee Spo s aie wisi we oada Miele fe a ales 2 
Wafer Bay, Cocos Island, August 2, in vicinity of treasure 

hunter’s camp. 
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Off Chatham Bay, Cocos Island, August 3 (sta. 26-38 and sta. 27- 
38 respectively), parasites from 116-pound sailfish caught by F. B. 
Adams ; and copepod found in dish in which two sucker fish, Echeneis 


_ remora Linnaeus, taken from the sailfish had been placed. 


MOLES PON NOLS, NV SOM: os = tele ed aeons eie's ae oe via vee 235 99 


All but one young female were removed from the sailfish (26-38) ; 
this specimen (27-38) was found in dish with the sucker fish. 
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To this Pennella (26-38) was attached a single fleshy barnacle, 


| Conchoderma, very probably C. virgatum (Spengler). The Penella 
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was not wholly complete, and apparently not a fully developed speci- 
men, but Dr. C. B. Wilson, who made the determination, believes that 
it may safely be called P. instructa. 


Old Providence Island, Colombia, August 6 (sta. 30-38), shore, 
reef, and tide-pool collecting. 


Trachypenacus sumilis (Smith). sei 2. fe. sete 2 eee 4 
Crangon candev (Guetin) |. 2.) ssa). G00. 60. skeen eee ai 
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Crangon cristulifrons (Rathbun ) 2. 0.2.02.0. 56 2 sales ee I 
Crangon bahamensis (Rankin) <2 ieincc, «2G esses soe eee II 
Crangon: heterochaelts (Says 60.46% pies eos a> an eee 2 
CTONGOW SPECIES F3- taka iiaidid oi ewes tant ORs aval elaine Beers Oe eee I 
Synalpheus jritenuillert. Coutieres :4.4.0, oss. «400 eee I 
Synolpheus near vathbum Coutiere. 25.52. 21... 22 ee ee eee I 


The poor condition of this small specimen precludes a more posi- 


tive determination or even an adequate description should it prove to- 


be new. The ambulatory legs and the large chela remind one strongly 
of S. rathbunt. The conical tubercle of the chela anteriorly carries the 
suggestion of a tiny spinule. There are only four articles to the carpus 
of the second legs. The frontal appendages appear to be much as in 
the type of S. rathbuni; the posterior pair of spines on the dorsum of 
the telson are not quite so large. 


Lysmaia moore: (Rathbun). ssa df. jo.< ss sis nee eee 2 
Thor -paschalis:)( Teller’) .5.022tag. 5 sa he he oleh We a he ee I 
Brachycarpus biunguiculatus (Mucas)): .- 56 3ct5. oe ere ee eee 4 
Macrobrachium olfersw (Wiegmann)... . <2... 45.00 eee I 
Palaemon tEnUtcornes Say scx oscers oot as cus w «wisi 8018 igh OTe 1? ovig. 
Gnathophyllum americanum Guérin.............00-2-00- 1? ovig. 
Stenopus semilacius v..Martens..). 22.0% 40202 alo ee 5 
Petrolisthes galathinus (BOSC )q you). sie oe eles se 1d 
Petrolisthes. tridentatus: Stimpsone..).. ss 4: «0. ae ee 1g 
Petrolisthes: near iquadratus Benedicte..-2ce. sen) eee 2 juv. 
Caleinus tibicen (llerbst))\n.cd cain © lise tie Sis aneiane doe ee 8 
Chbanarius tricolor’ (Gibbs ait. etie soni. 6 eee ete 36 
Dardanus venosus (1. Milne-Edwards) ..:%...-.205: 5: oe 23 
Pagurus marshy Benedict «00 5.05.04 .a)2 sles « «oe 2 eestor I 
Hippa: cubensis: (Saussure) . ais. cisayais ig ss oss oe ee Ig 
Dromaa erythropus: (George Edwards)... 2.252. 2. .\) 25-1 ee 19 


Pitho aculcatan(Gibbes)nic eae eae ee ae I¢ 29 (1 ovigm 


v1 Sey 
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a ACUTIGOTNIS: SEMMPSON. 6.215 5 ale)’ a cuales cts 2 1c ole alesse « 38 
We eG a SCMIPTUS, (oA AT CK) Sai ere cess o sien es oe stein © <.siee Stee 12 
Mithrax coryphe (Herbst)...... Sts ee ars Bree ila eevee: 35 29 ovig. 
Ot TUOCT|SUIMPSON))A os darks Gs ofa eke des cian ae nes 26 TQ) juve 
Macrocoeloma diplacanthum (Stimpson)................. 1? ovig. 
WMacrococloma subpanallelum (Stimpson) ..........2...-+-.0.- Id 
macropnrys bicornutus (Latretle) 2 tao. scam oa ios 19 2 juv. 
uns sOorawayt (StitMpSOM) <2 sseccieics sas bes cat eases oo Ig 
Paraliomera dispar (A. Milne-Edwards)...............-... 65 6° 
Becorscuigera Milne-Wdwards:.< 4.1. o8)0 tise tes toes Bere 23 19 
manthodius denticulatus (White) ......2.-.205.005055 0000s 435° 62 
Micropanope barbadensus (Rathbun)........ 60 59 (2 ovig.) I juv. 


All these except the largest, best-developed male have the palms 
more or less completely granulated as in one of the females among 
the 13 specimens examined by Miss Rathbun. 
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Pee PALM FROM COCOS ISLAND COLLECTED ON 
iE PRESIDEN TAL CRUISE,OF 1938 


By O.b., COOK 
(WitH 26 PLATES) 


Cocos is a small, mountainous, forest-covered island less than 4 
miles across, lying in the Pacific Ocean about 250 miles southwest of 
Panama, chiefly known as a resort of buccaneers and seekers of buried 
treasure. The mountains rise to nearly 3,000 feet, with surfaces too 
precipitous for cultivation or grazing, so that permanent settlements 
have not been made, and the native vegetation has not been extermi- 
nated. The new palm was collected by Dr. Waldo L. Schmitt, of the 
United States National Museum, during the 1938 cruise of President 
Roosevelt on the U.S.S. Houston. It is a tall, handsome palm, of a 
group that has received relatively little study. Though not related to 
the coconut palm, it is remarkably similar in size and general appear- 
ance, and apparently was responsible in part for the name of the 
island. Certainly it was included with the coconut by: Lionel Wafer 
in the account of his visit to Cocos Island in 1685, in “A New Voyage 
and Description of the Isthmus of America,” published in 1699. 

A nearly complete series of specimens was obtained by Dr. Schmitt, 
including flowers preserved in formalin, and photographs showing the 
native conditions and habits of growth, with the result that detailed 
comparisons with related palms from the mainland of Central and 
South America are made possible in this paper. Entire inflorescences 
and sections of the trunk were brought back, which make it possible 
to determine and to present illustrations of several features usually 
disregarded in descriptions, though of biologic and taxonomic interest. 
Palms are poorly represented in collections, and many have been 
described from fragmentary material, with only a few of the distinc- 
tive characters represented. 

The study of palms has remained backward compared with other 
branches of tropical botany, notwithstanding that popular interest in 
palms is perhaps greater than in any other plants. No other order of 
plant life contributes so much to the tropical landscape or finds so 
many uses among the tropical peoples. The reason why collectors of 
other plants usually neglect or avoid the palms is that specimens are 
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difficult to obtain and too bulky to be handled by herbarium methods. 
Collecting a single palm may take more time and trouble than a dozen 
or a score of herbaceous species, or of branching, small-leaved trees. 
The leaves, flowers, and fruits of the tall forest palms may be com- 
pletely out of reach, since many of the larger kinds have the habit of 
not flowering or fruiting until they emerge from the forest, or at least 
are tall enough to reach the direct sunlight, at 30 or 4o feet, so that 
climbing or cutting is necessary before any detailed study can be made. 
Felling a tall palm in a tangled tropical forest often proves difficult, 
even after the trunk is severed, but Dr. Schmitt was able to enlist 
for such an adventure a party of men’ from the cruiser. 

Since few of the related palms have been illustrated, the photo- 
graphs from Cocos Island are of special value. Several of the illus- 
trations are from photographs obtained for Dr. Schmitt by R. B. 
Thompson, who took part in the palm excursion. The specimens were 
collected August 1, 1938, and are preserved in the United States 
National Herbarium. 

Since the name Rooseveltia appears not to be preoccupied in botany, 
it is a pleasure to accede to the wish of Dr. Schmitt that the beautiful 
palm of Cocos Island, if it proved to be new, might bear the name 
Rooseveltia frankliniana, in honor of President Roosevelt. 


HABITS, OF ROOSEVELTIA AND’ REEATED? PAEMS 


The new palm is related to the well-known “royal palms’’ of 
Florida and the West Indies (Roystonea foridana, R. regia and R. 
oleracea), and to the mountain palms of Puerto Rico and neighboring 
islands (Acrista monticola). Other related palms are known from 
different localities in the tropical forest regions of South America, and 
through Central America to Guatemala. About 40 species have been 
described under the generic name Euterpe, others under Hyospathe, 
Prestoea, Oreodoxa, Acrista, Catis, Plectis, Oenocarpus, and Jessenia. 

The royal palms, the largest and best-known members of the group, 
are readily recognized by their massive symmetrical trunks, like col- 
umns of marble, but among the other kinds are even more beautiful 
forms. Some are known as mountain palms, from their habit of grow- 
ing at the summits of tropical mountains, above the dense forests that 
cover the lower slopes; others live in swamps or among the under- 
growth, in the permanent shade of the forest. Barren soils or rocky 


* Lt)’ Comdr: R: Mi: “Peacher: 1t. 1) M. Weblardy- Ensiens Jy Pian 
Johnston, R. W. Meyers, and M. H. Buass; and J. L. Learson, M. S. Simon, 
R. B. Thompson, Jack Barron, T. M. O’Neil, Joe Balicki, and L. F. McPherson. 
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outcrops unfavorable for other vegetation sometimes give the palms 
exclusive possession of the mountain summits, with the elevated 
groves of palms standing out like islands in a sea of forest verdure. 

All the mountain palms and their forest relatives are of slender 
habit, with smooth, clean trunks prolonged by a green column of 
closely wrapped leaf-sheaths, as in the royal palms, but with the 
foliage usually a lighter, fresher green, more regular and more open, 
so that the general effect is exceedingly graceful. The name Oreo- 
doxa, meaning “mountain-glory,’ was very appropriately given to one 
of the high-altitude palms of Venezuela, discovered by Willdenow, 
but misapplied by Martius to the royal palms of the West Indies, 
which grow in the lowlands. 

The new genus from Cocos Island finds its affinities with the moun- 
tain palms, though larger than other members of that series and 
different in many features from the mountain palms of the West 
Indies. The trunk is tall, rigid, and columnar, not attaining the thick- 
ness usual in the royal palms, but the crown of foliage having an equal 
spread and a form even more attractive. A trunk measured by 
Dr. Schmitt was more than 66 feet long ; the leaf-blades attain 13 feet 
in length, and the segments or pinnae of the leaves are nearly 4 feet 
long. The open appearance of the leaf-crown is determined by the 
pinnae not being crowded together and set at different angles to the 
midrib, as in the royal palms, but regularly spaced and positioned, 
drooping and swaying in the graceful manner reckoned by many 
writers as the special charm of the coconut palm, a deceptive similarity 
that allowed the native Cocos Island palm to remain unrecognized, 
although every visitor must have seen it. The nature of the resem- 
blance may be appreciated by referring to small photographs taken 
for Dr. Schmitt by Mr. Thompson and reproduced at the top of 
plate 13. On the left is a group of coconut palms growing at Wafer 
Bay, on the right a profile of one of the native palms, emerging above 
the forest. 


COCOS ISLAND AS DESCRIBED BY LIONEL WAFER 


The remarkable similarity of the foliage makes it easy to under- 
stand how the palms that Wafer and later visitors saw on the hills 
of Cocos Island would be identified with the coconut palms that grew 
along the shore, and how this error might complicate the history of 
the coconut palm, as well as conceal the existence of a different native 
type. Wafer’s circumstantial account of wild coconut palms growing 
freely on the forest-covered hills of an uninhabited island doubtless 
has contributed greatly to the belief, still held by some, that the coco- 
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nut originated in the Pacific Islands. Opposed to this theory is the 
fact that none of the endemic palms of the islands or of the Asiatic 
continent is related to the coconut, whereas on the American con- 
tinent, and especially in South America, are scores of closely related 
genera and hundreds of species, composing the coconut family. 

Cocos Island was described by Wafer as ‘‘a very charming place,” 
“so called from its coco-nuts, wherewith ’tis plentifully stored,” the 
impression of abundance no doubt being drawn largely from the 
native palms growing on the hills in the interior of the island, readily 
seen from the ship but not easily visited ashore. The coconut palms 
no doubt were confined to the lower ground, near the landing place, 
~which would seem to have been cleared and planted by previous 
inhabitants, in view of the many coconuts featured in Wafer’s narra- 
tive. All coconut palms had disappeared when Cocos Island was 
visited by Henry Pittier, in 1898 and 1902, in the interest of the 
government of Costa Rica. 

To quote further from Wafer *: 


Tis but a small island, yet a very pleasant one; for the middle oi the island 
is a steep hill, surrounded all about with a plain, declining to the sea. The 
plain, and particularly the valley where you go ashore, is thick set with coco- 
nut trees, which flourish here very finely, it being a rich and fruitful soil. They 
grow also on the skirts of the hilly ground in the middle of the isle, and 
scattering in spots upon the sides of it, very pleasantly. But that which con- 
tributes most to the pleasures of the place is, that a great many springs of 
clear and sweet water rising to the top of the hill, are there gather’d as in a 
deep large bason or pond, the top subsiding inwards quite round; and the 
water having by this means no channel whereby to flow along, as in a brook 
or river, it overflows the verge of its bason in several places, and runs trickling 
down in many pretty streams... 

Nor did we spare the Coco-nuts, eating what we would, and drinking the 
milk, and carry several hundreds of them on board. Some or other of our 
men went ashore every day; and one day among the rest, being minded to make 
themselves merry, they went ashore and cut down a great many coco-trees; 
from which they gathered the fruit, and drew about 20 gallons of milk. Then 
they all sat down and drank healths to the King, queen, &c. They drank an 
excessive quantity: yet it did not end in drunkenness; but however, that sort 
of liquor had so chilled and benum’d their nerves, that they could neither go 
nor stand: Nor could they return on board the ship, without the help of those 
who had not been partakers in the frolick: nor did they recover it under 4 or 
5 days time ... (pp. 175, 176). 


If this account be credited, the coconut palms of Wafer’s time 
must have survived from an earlier settlement of people on the island, 





* Wafer, Lionel, A new voyage and description of the Isthmus of America. 
Pp. 191-193. 1699. 
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of which other traces might be found if adequate search were made 
outside the range of the treasure-hunters. The coconut is strictly a 
sun palm, unable to develop under shade conditions, and hence unable 
to compete where forest vegetation is allowed to grow. Tall coconut 
palms in abandoned plantings may survive for many years before 
they are covered by the forest growth, but none of the seedlings 
develop and the old palms die out eventually. 

Other parties of buccaneers may have cut more of the coconut 
palms at Wafer Bay and hastened their extermination, but all had 
disappeared by the end of the nineteenth century. The only coconut 
palms that Pittier found at Wafer Bay were a recent small planting 
of nuts brought by a treasure-seeker from the mainland of Costa 
Rica, at Puntarenas. At another locality, near the southwestern end of 
the island, not accessible to landing from the sea, Pittier encountered 
a few other coconut palms of a different variety, not recognized on the 
mainland, and possibly a remnant from the former period when the 
Island was at least temporarily populated before Wafer’s time. 

Pittier was the first to recognize that the palms on the hills were 
not coconuts, although no specimen was obtained. But his verbal com- 
munication was definite, and was noted in Contributions from the 
U. S. National Herbarium, volume 14, page 291, published in 1gro. 
Also in “A List of the Plants of Cocos Island,” by Alban Stewart, in 
the Proceedings of the California Academy of Sciences, January 
1912, page 388, there is mention of “an undetermined species of palm 
occurring quite abundantly on the hillsides above both Chatham and 
Wafer Bays.” Specimens with immature fruits were collected, but 
were not identified. Several other scientific expeditions reporting on 
the plants of Cocos Island seem to have overlooked the native palm. 


OTHER CABBAGE PALMS 


To the early explorers and the writers of the colonial period the 
royal palms and the related mountain palms were known as “cabbage 
palms,” referring to their use as food. The “cabbage” was the tender 
edible bud of the palm, borne at the top of the trunk, wrapped in a 
green cylinder of sheathing leaf-bases. The cabbage of the coconut 
palm and of many others could be eaten in emergencies, but the royal 
and the mountain palms were held in greatest repute, and in some of 
the tropical colonies were destroyed in great numbers or even com- 
pletely exterminated in districts that became populous. The palms 
of this group which still survive in the West Indies and in Central 
America are remote from settlements or occur in places so difficult of 
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access that at least a few are allowed to mature to the stage of pro- 
ducing seeds. These the birds scatter, so that rare individuals may be 
found. 

Appreciation of the royals and similar palms for decorative plant- 
ing, as in southern Florida and California, is a relatively recent devel- 
opment, mostly in the present century, though now attaining great 
proportions. The real-estate values of palms in Florida would be 
reckoned in many millions, single well-grown individuals often being 
bought at high prices, $500 or more. 

Some of the related palms in South America, notably the assai palm 
of Brazil, are spared by the natives for the sake of their small oily 
fruits, like grapes or cherries, borne in huge clusters. A valuable food 
beverage is prepared, sometimes called “wine” on account of its rich 
purple color, though not fermented, and by others compared to choco- 
late. Alfred Russell Wallace and other scientific travelers have given 
very favorable accounts of the assai as tasty and wholesome, refer- 
ring to its extensive use in the district of Para as “one of the greatest 
luxuries that the place affords.” Similar uses are reported of the 
fruits of related palms in Brazil and Guiana. 

That the Cocos Island palm has not been exterminated no doubt is 
explained by the failure to establish permanent settlements, and it may 
be hoped that protection will be given, should the island be occupied 
in the future. The palm probably can be cultivated in the Canal Zone, 
possibly also in Florida, in sheltered locations, and as a conservatory 
palm would be very striking. Fortunately Dr. Schmitt was able to 
obtain a quantity of seeds, which arrived in good condition and were 
planted at once, but with most of the palms germination requires sev- 
eral months, and the young seedlings grow very slowly. Of the sev- 
eral seedlings also brought from Cocos Island by Dr. Schmitt, two 
survived in the Washington greenhouses of the Department of 
Agriculture. 


OTHER PALMS ON SMAEL ISLANDS 


Although it is not impossible that the palm of Cocos Island may 
also occur on the mainland, this is hardly to be expected in view of 
the localized distribution of many species and monotypic genera. It is 
much more probable that Cocos Island will share with several other 
small islands in remote parts of the world the distinction of produc- 
ing a strictly endemic palm, found nowhere else, except as some of 
the island species are being cultivated in other countries. The most 
important commercial species, the so-called “Kentia” palm, Denea 





NO. 7 A NEW PALM FROM COCOS ISLAND—COOK Wi 


forsteriana, familiar as a decorative plant, exists in the wild state only 
on Lord Howe Island, between Australia and New Zealand. The 
Canary date palm, Phoenix canariensis, hardier and more imposing 
than the commercial date palm, is restricted in nature to the single 
island Palma, northwest of Tenerife. The Bermuda palmetto, Sabal 
blackburmana, is a distinct species, all the other palmettoes being 
found on the American continent or in the West Indies. Navassa 
Island and Saona Island in the Caribbean Sea, have endemic species of 
Pseudophoenix. 

One of the most beautiful fan-palms, Erythea edulis, with emerald- 
green foliage, a favorite ornamental along the coast of California, was 
introduced from Guadalupe Island, off Lower California, where the 
wild stock is nearly extinct. Other magnificient fan-palms are found 
in single islands of the Hawaiian archipelago, and elsewhere among 
the Pacific Islands. A remarkable new genus, Pelagodoxa, was dis- 
covered a few years ago in one of the Marquesas Islands. Also in 
southern latitudes, beyond the tropical belt, insular palms occur ; 
Juania australis on Juan Fernandez, off the coast of Chile, and Eora 
ultima, a little-known palm on Chatham Island, southeast of New 
Zealand. Other species of Hora are found on Norfolk Island and 
Kermadec Island, and one on the main island of New Zealand. 

The genera that now are confined to the small islands may be con- 
sidered as remnants of richer floras existing formerly on the conti- 
nents. Human agency, no doubt, has exterminated many palms in the 
regions that were populated in prehistoric times. But even before the 
human period other types of woody vegetation may have displaced 
many palms, with the development of continuous forests of branching 
small-leaved trees, which formed dense canopies of shade under which 
more primitive sun-palms were unable to grow. 

Tolerance of shade has been acquired in different families of palms 
in several forest regions of the tropics, each region having its special 
flora of forest palms. The more primitive open-country palms are 
more widely distributed. Partial tolerance of shade, at least in the 
younger stages of development, is a positive requirement with all the 
forest palms, the extent of such tolerance often determining their 
ability to thrive in cultivation. The early stages of the forest palms 
may be more definitely specialized for shade conditions, as shown by 
longer petioles or more delicate foliage, than the later stages, which 
rise above the forest “roof” and so gain access to the full sunlight. 
To meet such requirements in the early stages of growth, locations 
with partial protection from sun and wind should be chosen for the 
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Cocos Island palm in southern Florida, Puerto Rico, or the Canal 
Zone, should the seedlings attain the transplanting stage. Permanent 
soil moisture is needed, of course, for any palms from humid tropical 
forests. All the hardy types of palms are adapted to open conditions, 
and do not thrive in the forest or under shade. 


EUTERPE A TRADITIONAL NAME OF CABBAGE PALMS 


The generic name Euterpe, used by Martius and subsequent writers 
for this group of palms, was borrowed without warrant from an East 
Indian genus not represented in America. The first specific name, 
Euterpe globosa, was proposed by Gaertner in 1792 for a palm de- 
scribed and figured in 1741 as Pinanga sylvestris globosa by Rum- 
phius in the ‘‘Hortus Amboinensis,” an important early work that 
served as the basis of many binomial names assigned by later writers. 
The failure of Gaertner to mention any specimen or locality leaves 
the name attached to the Amboina palm. The fruit is described and 
figured by Gaertner with an apical point, erect mesocarp fibers, and a 
lateral embryo, characters that do not appear in the American palms. 

Martius recognized his mistake before the second volume of his 
“Historia Naturalis Palmarum” was completed, and directed in the 
index that the reference to Gaertner be suppressed. In his third vol- 
ume he placed Gaertner’s genus Euterpe as a synonym under the 
Malayan genus Areca, though continuing to use “Euterpe Mart.” for 
the American palms. Also in the “Palmetum Orbignianum,” pub- 
lished in 1847, Martius says “Euterpe Mart. non Gaertn.” In the 
time of Martius it was customary for botanical authorities to modify 
definitions and change the applications of names in an arbitrary man- 
ner, instead of holding the names to their original oe as is 
now considered necessary. 

The transfer by Martius of the name Euterpe to South America 
occasioned the proposal by Blume in 1836 of a second name, Calyp- 
trocalyx spicatus, for the same palm that Rumphius had described and 
Gaertner had called Euterpe globosa. Several other Oriental palms 
have simple inflorescences and globose seeds, and Gaertner may have 
seen some of these. A second species, Euterpe pisifera, established by 
Gaertner on a seed of unknown origin, also was identified by Martius 
with a Brazilian palm, but Gaertner’s drawing of Euterpe pisifera has 
been identified by Herr Burret with Heterospathe elata, another East 
Indian palm, so that no occasion remains for further association of 
the name Euterpe with American palms. 

Methods of classifying and naming plants have been profoundly 
altered since the work of Darwin gained ¢redence for the idea of 
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gradual development of the organic world. From being concerned pri- 
marily with the fixing of names, classification has widened to a study 
of the courses of development, and is no longer limited to definitions 
or to logical analysis of the characters originally used in distinguish- 
ing groups, but calls for comparative study of any and all differences 
to the end of discovering and formulating new characters that mark 
the courses of development and the relationships of the groups to each 
other. The facts of development and adaptation determine the char- 
acters to be defined and the form of statements needed to present the 
differences clearly. 

Floral characters are less specialized among the palms than in many 
other groups, but stages of specialization are marked as definitely by 
other features. The inflorescences and the floral envelopes, instead of 
being enlarged and expanded as in many of the groups that are polli- 
nated by insects, have been greatly reduced and simplified in many of 
the palms, in order to be covered more effectively during the early 
stages of development. The usual protective functions of the floral 
envelopes in other groups of plants often are assumed among the 
palms by the spathes, or even by the leaf-sheaths, thus avoiding any 
exposure of the tender budding tissues to the sun or to the wind, 
or to insect injuries. Inflorescences have been simplified and floral 
envelopes have been reduced to rudimentary organs in many of the 
palms. That different courses of specialization have been followed 
in the various groups, though all in the direction of protecting the 
flowers, is evidence of the adaptive values of such specializations. 

Characters framed for taxonomic use are no longer to be considered 
as permanent definitions, seeing that supposedly diagnostic differences 
may lose their significance and that changes in descriptions often 
become necessary when closer relatives are discovered and compared. 
For such purposes of gradual improvement of classifications and 
descriptions, it obviously is necessary that names be held to their 
original application instead of being borrowed or shifted from one 
group to another, as the custom was among the older writers. 

In order that a generic name like Euterpe may always refer to the 
same group of plants, it should be attached inseparably to its original 
“type” species, instead of being allowed to drift away to other species 
that later may prove to belong to different genera, and so leave the orig- 
inal type to be renamed, as often has happened. The need of replacing 
these insecure methods began to be recognized several decades ago, 
but much of the confusion caused by casual or arbitrary transfers of 
names has still to be corrected. Darwin himself appreciated the basic 
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need of authentic names for scientific study, and left a legacy for es- 
tablishing a universal list of all the genera and species that had been 
described, the well-known “Index Kewensis.”’ 


GENERA FROM SOUTH AMERICA AND THE WEST INDIES 
RELATED TO ROOSEVELTIA 


The palms that have been referred to Euterpe, though having a 
general similarity in habits of growth, show numerous specialized 
differences, some of which will undoubtedly be formulated to serve 
as generic distinctions in place of the larger group which is still in part 
treated as a large composite genus. Four genera have already been 
recognized in this assemblage, Acrista in the West Indies, Oreodoxa 
in Venezuela, Catis in Brazil, and Plectis in Guatemala. Thirteen 
new species of Euterpe, mostly from Colombia, were described in a 
single paper published by Herr Burret in 1930, indicating that the 
group may be much larger than has been supposed. 

The name Acrista was proposed in 1go1 for the mountain palm of 
Puerto Rico, as distinct from the assai palm of Brazil, which Martius 
had described as Euterpe oleracea. This specific name was found to be 
invalid because in the same work Martius had placed under Euterpe a 
much older Areca oleracea, from the West Indies, originally described 
by Jacquin in 1763, and later recognized as the royal palm of Bar- 
badoes, Roystonea oleracea. To resolve this confusion, the name Catis 
martiana was suggested in 1901 for the palm that Martius had de- 
scribed as Euterpe oleracea. 

The genus Catis is similar to Acrista in its seeds with ruminate 
endosperm and its seedlings with simple, bilobed leaves, but distinct 
in its slender long-jointed trunk, longer leaves with more numerous 
(80-100) narrow drooping pinnae, the inflorescence branches adnate 
to the rachis above the insertion of the subtending bract; surface of 
axis and branches closely beset with stellate-tufted scales, including 
the surface of the bracts; scars of male flowers often separated 2 to 4 
times their diameter from the female flower-scars ; male Howers with 
a large calyx, more than half as long as the petals, and oblong anthers 
3 to 4 times as long as broad, notably longer than the filaments, instead 
of short anthers and long filaments as in Acrista; female flower-scars 
enclosed by prominent triangular bracts, much overlapping below, but 
little above. 

Catis is not a mountain palm like Acrista, but thrives in swamps 
and water-courses in the lower Amazon Valley, its fruits being used 
extensively, as already stated. Acrista in Puerto Rico is confined to 
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mountain summits, and apparently requires somewhat open condi- 
tions, like most of the palms with small fruits eaten by pigeons or 
other birds. Many of the tropical forest trees, including some of the 
palms, have very large seeds, allowing seedlings to grow taller in the 
deep shade. The light requirements of Acrista were indicated by great 
numbers of the seedlings, only a few inches high, growing in the leaf- 
mold of a dense forest of tabonuco (Dacryodes hexandra) near 
Ysolina, south of Arecibo, visited in 1901. The forest floor was car- 
peted with the small palms, but in the permanent twilight none of them 
grew beyond the seedling stage. A photograph of this unusual pure- 
stand forest appears in the “Economic Plants of Puerto Rico,” by 
O. F. Cook and G. N. Collins, Contributions from the U. S. National 
Herbarium, volume 8, page 132, 1903. 

The genus Oreodo.va, in its original application to Oreodoxa acumi- 
nata Willdenow, a mountain palm of Venezuela, apparently is much 
closer to Acrista than to Catis, in having straight, naked branches, 
widely spaced flower-clusters, the male flowers with large compressed 
divergent pedicels, and the collar bracts very short, enclosing only the 
lower part of the female flower-scar, not covering the pedicels of 
the male flowers. These distinctive features are shown in Beccari’s 
drawings of specimens from Venezuela, published in “The Palms 
Indigenous to Cuba.” Beccari held that the name Oreodo.xva was avail- 
able for transfer to the royal palms, because Willdenow’s Oreodoxa 
belonged to Euterpe. In reality Martius did not transfer acuminata to 
Euterpe, but listed it under Oreodoxa. The change of application ap- 
parently occurred incidentally, through disregarding the original use 
of Oreodoxa by Willdenow and featuring the better-known royal 
palms as representing that genus, instead of providing the new name 
that. was needed for the royal palms and later was supplied in 
Rovystonea. 


A CLOSELY RELATED PALM IN GUATEMALA? 


The ample material obtained by Dr. Schmitt allows many more 
characters to be studied than are usually treated, descriptions of most 
of the species being drawn from herbarium specimens alone. Sev- 
eral features of the new palm have not been previously recognized, 
some of them doubtless existing among the related types, but not yet 
formulated. Statements of new characters can have little meaning 
unless they take account of contrasting features of related forms. 
The palms. are so different from other plants that many of the 


8 See description on page 22. 
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customary descriptive terms and expressions are applicable only with 
special meanings, and may prove misleading unless the actual features 
can be illustrated, preferably by photographs. 

The Cocos Island palm is related rather closely to Plectis oweniana 
Cook, discovered in mountain forests of eastern Guatemala in 1902 
and briefly described in the Bulletin of the Torrey Botanical Club, 
June 1904. The specimens of Plectis preserved in the United States 
National Herbarium include entire inflorescences and spathes, with 
several photographs taken in the type locality, so it is possible to 
illustrate several features for comparison with the new genus. Two 
species described under Euterpe, by Oersted from Costa Rica in 1858, 
E. macrospadix and E. longipetiolata, are well represented in the 
Herbarium. They are small, slender palms, with ruminate seeds and 
simple-leaved seedlings, related to Acrista but not to Plectis or to 
Rooseveltia. 


A COMPARISON OF ROOSEVELTIA AND PLECTIS 
HABIT AND TRUNK CHARACTERS 


Though sharing many of the characters of Plectis, the Cocos 
Island palm is of more robust habit, with a thicker trunk and shorter, 
broader internodes, much wider than long, whereas the trunk of 
Plectis is more slender, with internodes often much longer than wide, 
sometimes twice as long. The base of the trunk is rather abruptly 
thickened, instead of tapering gradually as in Plectis, the leaf-sheath 
bundle is thicker, the stalk or petiole of the leaf is much shorter, and 
the rachis or midrib notably longer. The trunk is supported on a mass 
of coarse roots, 2 cm. or more in diameter, usually not appearing 
above the surface, but the lower side of the root mass is sometimes 
exposed on steep slopes of tenacious clay soil, as shown in plate 4. 

A rather young palm, 25 or 30 feet high, was measured by 
Dr. Schmitt, 454 inches around the thickened base of the trunk, and 
204 at 2 feet above the base; but notably larger palms were seen, so 
that a diameter of 40 cm. or more is indicated, rapidly narrowing 
to about 20 cm. and then narrowing very gradually to 12 or 13 cm., as 
shown by sections from the top of the trunk, with inflorescences still 
in place. The trunk of Plectis tapers much more gradually from the 
base, and becomes much more slender at the top. 

The gradual thickening of the trunk is a feature that most of the 
palms do not share, the function of secondary growth being recog- 
nized only in the exogenous, bark-bearing plants, that have a special 
layer of cambium tissue for forming new wood. Although the trunk 
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of Rooseveltia has a fibrous structure like other palms, the arrange- 
ment of the fibers makes it possible for growth to continue, a hard 
shell being formed by closely compacted stout fibers, but with finer 
fibers outside, under a surface crust. The layer of large indurated 
fibers is about 2 cm. thick, with the fibers about 2 mm. in diameter, as 
shown in natural size at the right of plate 5; the layer of finer surface 
fibers is about 4 mm. thick. The fibers of the interior of the trunk 
are only I mm. or less in diameter, separated by loose pith. Each oi 
the pith fibers has a large tubular channel on its mesial face, notably 
larger than the channels of the thick fibers or those of the smaller fibers 
near the surface. The finest fibers, delicate and filiform, are embedded’ 
in a light brownish corky stratum underlying a brittle surface crust, 
less than 1 mm. thick. The exposed surface of the crust, though 


‘appearing nearly smooth, is marked with fine longitudinal grooves, 


rather irregular and indistinct, usually 2 to 4 mm. apart, as shown 
at the left of plate 5. Where the surface is protected by crustaceous 
lichens, or overlaid with fine roots of epiphytic plants, the ‘‘bark” 
becomes thicker and more deeply fissured, leaving no doubt of a 
gradual renewal taking place where the surface is exposed. 

The leaf-scars are difficult to detect on sections. from the lower 
part of the trunk, but internodes 5-6 cm. long are indicated; on the 
fruiting section the internodes are reduced to 2.5 cm., the leaf-scars 
longer than the intervening zones, often attaining 2 cm., the scars 
not impressed or constricted, the surface somewhat uneven with 
scattered granules or tubercles where the fibers are attached (see pls. 
10 and 12). Much longer internodes are indicated by photographs of 
Plectis, probably attaining 12 to 15 cm. (see pls. 20 and 21). Two or 
three consecutive joints bear inflorescences, with an interval of 3 or 
4 barren joints before the inflorescences of the next season are 
developed. 


CHARACTERS OF THE LEAVES 


The leaf-crown of Rooseveltia, as shown in the photographs, is 
more ample than that of Plectis, and has a different aspect on account 
of the longer rachis and the more numerous and longer pinnae, and 
because the pinnae of Plectis droop from the rachis in a gradual curve. 
The rachis is held more erect or ascending in palms that stand in the 
open, shown in plates 1 and 19, instead of spreading or drooping, as 
in the more protected forest locations, plates 2 and 3. Although the 
leaf-blade is notably longer than in Plectis, about 4 m. instead of 3 m., 
the petiole is much shorter, 10-15 cm. instead of 35-45 cm., and the 
lowest pinnae are much closer together, only 3-6 cm. apart to 12-14 cm. 
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in Plectis. The pinnae number 73 on a side and attain 115 cm. in 
length near the middle of the leaf, compared with 63 pinnae in Plectis, 
go cm. long. The upper pinnae are reduced to 60 cm. in Rooseveltia, 
in Plectis to 37 cm. 

The leaf-sheath is indurated and somewhat bulged in the middle of 
the lower part, extremely hard when dry, the outer surface nearly 
smooth, finely and irregularly striate, with the lines broadly and regu- 
larly sinuate near the base, thus affording space for the development 
of the young inflorescence, which apparently reaches nearly full size 
before the leaf falls. The remarkable thickening of the lowest joint 
of the peduncle may have a function in rupturing the base of the leaf- 
sheath at the proper time, although the sheath splits on the opposite 
side. Inner surface of sheath a much darker brown, deeply and 
coarsely striate when dry, also showing sinuate lines marking the 
courses of the fibers, but more prominent on the side supporting the 
petiole, there with 6 or 7 rows of fibers, distinctly coarser than those 
of the thinner sections; thickness of the middle section in the dry 
state attaining 5 mm., elsewhere about 1 mm. thick. The thickening 
of the sheath in the middle extends to the base, including the leaf- 
scar; length of. leaf-scar below the thickened section usually about 
1.5 cm., sometimes nearly 2 cm., about 1 cm. on the other side. The 
upper part of the leaf-sheath, the back of the petiole, and the lower 
part of the rachis with a distinct pale vitta nearly 2 cm. wide, of harder 
tissue and somewhat more prominent than the neighboring surface. 

Petiole 4 cm. wide, deeply grooved, very densely beset with coarse 
rusty-brown scales on the upper side, underneath with only minute 
scattered brownish scales, the surface with rather thin, minute ap- 
pressed tomentum, appearing silvery or glaucous. Considering the 
petiole morphologically as a naked basal section of the rachis, the 
length would be reduced by the pinnae extending lower down, and this 
is indicated by the lower part of the rachis being grooved in Roose- 
veltia, but nearly flat in Plectis. 

Rachis measuring 343 cm. in the only complete specimen, broadly 
grooved at the base, nearly 4 cm. wide, narrowed gradually and thick- 
ened in the middle, the ridge widening and the lateral margins sharp- 
ening, soon forming a distinct lateral groove where the pinnae are 
inserted, the groove gradually wider and deeper, with the median 
ridge gradually narrowed and the lateral projection above the groove 
gradually suppressed, till only a thin median flange remains, rising 
about I cm. above the insertions of the pinnae. On the terminal third 
of the rachis the median flange is suppressed gradually, and the rachis 
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narrowed to 2 mm. near the end. Upper surface of rachis beset with 
coarse brown scales, the lower surface nearly naked, the scales minute 
and widely scattered. 

Lowest pinnae 3-6 cm. apart, very narrow, 66 cm. long, 5-6 cm. 
wide, often splitting into 2-3 slender shreds; fourth pinnae 60 cm. 
long, 12 mm. wide; middle pinnae 115 cm. long, 4.5 cm. wide, with a 
prominent vein on each side 1-1.3 cm. from the midrib, usually more 
remote from the upper margins than from the lower, as 7 mm. to 
4 mm. Three or four of the intervening venules larger than the 
others, but not regularly spaced, the finer venules very close ; no indi- 
cation of cross-veins. Upper pinnae 2.5-3 cm. apart, measured from 
the midveins. Pinnae with coarse brown scales underneath along the 
midveins, like the scales of the upper side of the rachis. Terminal 
pinnae very slender, 60 cm. long, 3 mm. wide, tapering to a long fili- 
form point. The base of the rachis is shown in natural size at the 
left in plate 7, the pinnae on the left side torn off, and also the third 
pinna of the right side, but the attachment is perceptible as a narrow 
oblique scar near the middle of the section. Thus the narrow basal 
pinnae are nearly as close together as the pinnae at the middle of the 
leaf, shown in plate 8, in marked contrast with the lowest pinnae of 
Plectis, shown in the right-hand figure of plate 7. 


STRUCTURE OF THE INFLORESCENCE 


The inflorescences are similar to those of Plectis but relatively 
much shorter and more compact, attaining about 65 cm. instead of 
exceeding I m. as in Plectis, the peduncle and axis more reduced, the 
branches set closer, the flowers notably more crowded, too close for 
contiguous fruits to develop without contact, notably congested in the 
proximal portions of the lower branches instead of being farther 
apart as in Plectis; also the naked basal sections of the branches much 
shorter and more compressed than in Plectis, with a smaller and more 
specialized pulvinus. Surface of branches with a dense tomentum of 
stellate scales, notably coarser and thicker than in Plectis. 

Spathes somewhat unequally developed, the lower spathe scar rela- 
tively narrow and superficial, the triangular lateral expansion of the 
scar much narrower than in Plectis and the projecting angle smaller. 
Inner spathe attaining a length of 85 cm., including a slender unopened 
tip 7 cm. long, 1.5 cm. wide at the base; width 5-6 cm., somewhat 
thickened at the sides but not distinctly carinate, the surface smooth 
but not shining, costulate along the fibers, and minutely striate, like 
an appressed tomentum; in the middle or lower part with scattering 
light-colored lacerate-stellate scales, more of the rays directed upward. 

2 
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The peduncle is relatively smaller and more compressed than in 
Plectis, except the basal joint, which is strongly swollen and in- 
durated, 3.5 cm. long in the middle, 6 cm. wide at the notches below 
the spathe scar, and 12-14 cm. wide across the basal rim that em- 
braces and nearly encircles the trunk, the ends only 5-6 cm. apart ; the 
line of attachment, where the fibers from the inflorescence enter the 
trunk, very narrow, only 4 mm. wide; lower face of joint abruptly 
swollen immediately below the spathe scar, whereas the lower joint 
of Plectis is only slightly and gradually swollen on the lower side, 
though distinctly swollen in the middle of the upper side. Second and 
third joints more abruptly reduced than in Plectis, though relatively 
longer, because the first joint is shortened; second joint more than 
half as long as the basal joint and nearly twice as long as the third 
joint, whereas in Plectis the first joint may be two or three times as 
long as the second, and the third joint nearly equal to the second. The 
entire inflorescence in flowering and fruiting stages shown in plate 13, 
figures c, d, e and f, with the remarkable enlarged basal joint, this also 
in natural size, with the basal joints of the axis in plates 11 and 12. 

Axis much longer than the peduncle, though relatively short, from 
lowest to highest branch 27-29 cm., instead of 38 cm. in Plectis, 
closely beset with about 80 branches, not including those suppressed 
near the base, 18 on the upper side and 6 on the lower, or about 100 
branch positions in all; the lower branches and branch positions sub- 
tended by short transverse bracts, much broader than long; bract of 
third joint 1.5 cm. long, 2.3 em. wide; bract of first branch 5 mm. long, 
1.8 cm. wide, other bracts 2 mm. long, 1 cm. wide, gradually smaller, 
these reduced bracts notably contrasting with the large linguiform 
bracts or secondary spathes that subtend the lower branches of Plectis, 
shown in plate 22. End of axis appreciably thicker than the branches, 
attaining 6 mm., the branches 5 mm. or less, gradually tapering to 
3 mm. Naked base of branches attaining 3 cm. Lower branches at- 
taining 57 cm. long, upper branches 43-45 cm. The male flowers are 
mature on the lower and middle sections of the branches soon after 
the inflorescence is exposed, but near the ends of the branches are 
many undeveloped flowers with the corolla not emerging beyond the 
calyx. A branch at. the stage of flowering is shown in plate 14 at the 
left, cut in three sections, with many full-sized male buds still in place, 
but the flowers fallen, leaving many female buds standing alone, 
natural size; also detached male flowers and upper sections of a less- 
developed branch with the male flower-buds still in place. Lower 
sections of two mature fruit-bearing branches are shown in plate 16. °- 
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FLOWERS AND FRUITS 


Flowers in clusters of three, each cluster subtended by a broad 
lunate basal bract less developed than 1n Plectis, mostly covered with 
rather coarse tomentum of stellate scales like the surface of the 
branch, the margin of the bract usually naked, often sharply angled or 
apiculate in the middle; female flower enclosed by two large, broadly 
triangular longitudinal bracts, notably more prominent than the basal 
bract, slightly overlapping at the ends, forming a collar around the 
flower scar; one bract usually longer than the other, more distinctly 
angled at the apex and more carinate at the back, the margin often 
notched or fringed in the middle by the ends of parallel fibers like 
those of the sepals, outer surface of collar bracts with a rather sparse 
tomentum, shorter and finer than that of the basal bract; two male 
flowers above each female flower, the male flower scars usually circu- 
lar, quadrate or oblong, usually separated from each other by less 
than their combined width, set close to the large collar bracts of the 
female flower but separated by a rim of dense tomentum doubtless 
representing a very short pedicel; one of the male flowers more dis- 
tinctly pedicellate than the other, and the scar somewhat smaller ; the 
small bracts that subtend the male flowers decurrent between the: 
upper extremities of the basal bract, often sharply angled. The collar 
bracts are distinctly accrescent, growing much larger where fruits are 
developed, sometimes nearly 2 mm., or nearly half the length of the 
sepals, in section through the middle thicker than the sepals or the 
petals; of the same brownish or purplish color as the perianth and 
the neighboring tomentum, possibly stained from the ripe fruits. 
Scars of female flowers and ripe fruits are shown in great numbers 
in plates 16 and 17. 

Male flowers 6 mm. long, the calyx triangular, the sepals broadly 
overlapping, 3 mm. long, thickened in the middle and often distinctly 
carinate, the prominence usually ending abruptly below the angular 
apex ; margins on each side minutely fringed. Petals narrowly tri- 
angular, 5 mm. long, 2 mm. wide at base, rather irregularly costate- 
striate on the inside, with a rounded basal pulvinus nearly 2 mm. long, 
fused with the large staminal cushion filling the lower third of the 
flower. 

Stamens 6, not exserted, the filaments rather robust, subconic, of 
firm, fleshy texture, 3.5 mm. long, broadened at base to nearly 1 mm. 
and somewhat united, forming a low ring on the staminal cushion ; 
filaments incurved at base, above gradually recurved, especially those 
alternate with the petals ; end of filament subtruncate, the attachment 
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at one side. Anthers introrse, oblong, slightly tapering, 2-2.5 mm. 
long, the narrow subversatile attachment a little above the middle, the 
dark connective exposed at the back, nearly as long as the pale closely 
contiguous anther-cells. Pistillodes nearly 3 mm. long, conic-cylindric, 
assimilated to the filaments in form, texture, and color, thickened and 
somewhat united at the base, not flattened or much united as in Catis 
or Acrista. 

Female flowers with sepals and petals of the same texture and 
form, broadly obovate-triangular, the distal margin often transverse 
or retuse, but distinctly mucronate in the middle, the mucro thickened 
and the median area prominent, with numerous parallel longitudinal 
fibers, the marginal band very thin and transparent, often lacerate- 
fimbriate. Petals in the bud enclosed by the sepals, but strongly ac- 
crescent, at maturity about one-third longer than the sepals, covering 
the lower third of the fruit, the mature perianth brownish, tinged with 
dull crimson-purple along the margins. Staminodes obsolete, lacking 
even the thin rudiments sometimes found in Plectis. 

Fruits somewhat larger than in Plectis, subglobose, nearly 1 cm. 
in diameter ; style and stigma subapical, persistent, borne on a promi- 
nent indurated frustum, surface more coarsely granular than in 
Plectis ; the outer crust thicker and harder, formed of large accretions 
of stone-cells ; mesocarp fibers few, though stronger and more irregu- 
lar than in Plectis. Not only the style and stigma are thicker and more 
persistent than in Plectis but the supporting frustum is more promi- 
nent and much more indurated, the difference in texture being indi- 
cated by a dull yellowish color, instead of purplish like the surface 
elsewhere. The frustum in Plectis is somewhat less prominent, and 
only the rim is indurated and of a lighter, yellowish color, along the 
upper margin ; also the induration is less in Plectis and the disk nearly 
flat, the style not being thickened, and the base relatively narrow and 
abrupt. 


SEEDS AND SEEDLINGS 


Seeds globose-reniform, with uniform endosperm, basal embryo 
and subapical hilum, the upper surface somewhat flattened, a broad 
shallow groove between the hilum and the embryo; the upper margin 
of the groove around the hilum somewhat prominent or inflated, more 
than in Plectis, also the groove broader and more sloping on the sides, 
the raphe or downward extension of the hilum much narrower than 
the groove, with distinct margins tapering gradually to a point about 
halfway to the embryo; the groove mostly occupied by a strand of 
parallel fine fibers, radially diverging under the embryo; the outer 
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layer of fibers much more irregular than in Plectis, some rather broad 
and flat, the inner layer also somewhat less regular, the lining mem- 
brane very thin, closely adhering around the seed, with the finer fibers 
impressing the surface of the testa. In Plectis the raphe is broader 
and longer, extending to near the embryo, and the fibers are free from 
the testa, leaving the surface clean and only faintly impressed with 
fine parallel lines. 

Seedlings like those of Plectis, but more slender and delicate ; first 
expanded leaf with 6 separate segments, the rachis 1.2 cm. long, unit- 
ing the middle segments for 8 mm.; second leaf and at least three 
others with only 4 segments, 2 on each side; sometimes remain- 
ing adherent on one or both sides; the segments somewhat more 
slender and grasslike than those of Plectis. Segments of first leaf 
6.5 cm. by 3.5 mm., widest below the middle, tapering gradually ; mid- 
vein and submarginal veins distinct, with 3-4 venules between; mar- 
gins distinctly thickened. 

Seedling internodes very short, only 1 to 2 mm., with 2 or 3 roots 
emerging from each joint, either from the leaf-scars or from the inter- 
vening surface ; roots 1-2 mm. in diameter, attaining 15-30 cm., taper- 
ing gradually, branching irregularly, often with fine ramifications near 
the base; roots very stiff and wiry, often injured at the sockets, so 
that transplanting may be difficult, as indicated by the survival of only 
two of those brought home by Dr. Schmitt. These individuals were 
among the smallest obtained. 

Sheaths and petioles of seedling tenes very long, no doubt an 
advantage in reaching more light; second bladeless sheath 4 cm., 
sheath of first expanded leaf 5 cm., increasing to 15 cm. on the next 
4 or 5 leaves, the filiform petioles as long as or longer than the 
sheaths, and the segments nearly as long, so that a height of half a 
meter is reached before the trunk is a centimeter long or a centimeter 
thick. Much longer petioles, probably a meter or more, are shown in 
the photograph of young palms or offshoots growing in the forest 
(pl. 3), in striking contrast with the very short petioles at the adult 
stage. Compared with the seedling leaves of Plectis, the sheaths are 
longer and the petioles relatively shorter, in agreement with the pro- 
portions of the adult palms. The rim of the sheath, opposite the inser- 
tion of the petiole, even on the lower leaves, is not transverse, but has 
an upward projection or antiligule 1-2 cm. long, indicating that this 
structure is a general feature of the palm. 

The seeds began to germinate in a few weeks, and by the middle of 
April 1939, many of the seedlings had expanded the first 2 leaves, 
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showing a remarkable regularity in the 6 pinnae of the first leaf- 
blade, with fewer pinnae and the number less regular on the second 
leaf. The antiligule is a constant feature, even on the first leaf, tri- 
angular and sharp-pointed, 5 to 7 mm. long, of very thin texture and 
soon turning brown like the tips of the bladeless sheaths. The first 
sheath, about I cm. long, has little chlorophyll and soon dies, the 
second sheath, 4-5 cm. long, being more persistent. The surfaces of 
the seedling, including the bladeless sheaths, midribs, veins and 
margins of leaves, are moderately beset with reddish-brown scales, 
more abundant near the base and the tip of the leaf-segments than 
in the middle. The outer sheath rises from a shallow. cup, about 
2 mim. high, like that figured by Martius as the coleoptile of Euterpe 
oleracea, the Brazilian assai palm now called Catis martiana. This 
organ is an outgrowth of the cotyledon, not a part of the plumule, 
and lacks the longitudinal fibers that give the sheaths a ribbed appear- 
ance in drying. A single primary root usually is surmounted by a 
single secondary, close to the coleoptile, which splits on that side. 
The roots are very slender and wiry, with many contorted lateral root- 
lets and adherent patches of a dark-brown membrane, suggesting an 
early surface layer that exuviates. 


CONTRASTING FEATURES 


The outstanding differences are the columnar, short-jointed trunk, 
abruptly thickened at the base; the thicker, more indurated leaf- 
sheaths; the large fibrous antiligule; the short, densely squamous 
petiole ; the long rachis with numerous close-set pendent pinnae; the 
more compact and shorter inflorescence, with the basal joint strongly 
crassate and expanded to encircle the trunk; the close-set branches, 
subtended by small bracts ; the crustaceous exocarp with the style per- 
sistent, and mounted on a broad indurated frustum; the irregular 
mesocarp fibers; and the broadly grooved seed, with a narrow short 
raphe. 

The relative absence of a petiole in the adult stage of Rooseveltia, 
the more compact and shorter inflorescences, and the harder shell of 
the fruits, in comparison with Plectis, may be taken to indicate less 
definite specialization as a forest palm, and better adaptation to open 
conditions than related palms that are natives of heavily forested 
regions on the continent. The island flora is very limited, of course, 
in comparison with that of the continent, including only a few kinds 
of trees, and these doubtless recruited gradually, so that in former 
times the palms may have had much more open conditions than in 
the recent period. 
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The branches of the inflorescence are set too close along the axis 
to afford space for thickened bulbous bases and swollen pulvini like 
those of Plectis, which stand much wider apart. There is only a short 
abrupt basal widening of the branches in Rooseveltia, and this notably 
flattened, with thin angular margins; the pulvinus also is more 
reduced, in the dry state appearing as a small corneous prominence, 
rather than broad, woody and persistent as in Plectis. 

As a consequence of the flower-groups being set more closely along 
the branches the positions of the male flowers are somewhat different 
from those of Plectis, the male buds not lying so flat against the 
branches, as shown by the long impressions above the female flowers. 
With the male buds more perpendicular to the branches, the bud-scars 
are not so much sloped or tilted against the base of the female flower, 
and hence appear more distinct in the photographs than do those of 
Plectis. Also the more upright position of many of the male flower- 
buds is shown in the natural-size photograph of inflorescence branches 
at the early flowering stage (pl. 14). 


ROOSEVELTIA FRANKLINIANA,' n. gen. and sp. 
Plates 1-19 


Diagnostic characters —Agreement in many characters shows close 
affinities with Plectis, but the trunk more robust and columnar, 
abruptly thickened at the base, not forming aerial roots; internodes 
short, much broader than long ; leaf-sheaths indurated at the base on 
the axial side; rim of leaf-sheath fibrous, produced in the middle, 
opposite the petiole, into a long fibrous antiligule ; petiole very short, 
densely squamous ; rachis very long, the pinnae more numerous, very 
long and pendent, the lower pinnae adjacent ; inflorescence shorter and 
more compact, with more numerous close-set branches, the peduncle 
very short, the basal joint indurate, crassate and inflated; numerous 
lower branches suppressed on the upper side of the axis and several 
on the lower side; branches and branch positions subtended by short, 
transverse, rudimentary bracts; branches with a short, naked base 
slightly inflated at the insertion; surface of branches densely tomen- 


*ROOSEVELTIA genus novum, Rooseveltia frankliniana species typica, palma 
spectabilis formosa, insulae nuncupatae “Cocos” indigena, ad Plectina “halaute” 
Guatemalensium proxima, trunco valido columnari crebricincto, antiligula ampla 
fibrosa, petiolo perbrevi supra dense squamoso, pinnis permultis approximatis 
praelongis pendentibus, spadice compacta, floribus congestis, baccis grumosis, 
seminibus late impressis recedit. Typus, Schmitt 134 (U. S. Nat. Herb. 
1,746,833—841 ). 
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tose ; flower-clusters closely crowded on the branches, especially on 
the lower sections of the basal branches; basal bract of flower-clusters 
moderately developed, notably less prominent than the collar bracts ; 
male flower-scars often oblong quadrate or rounded, margined or 
winged with tomentum especially on the mesial side, the pedicel 
reduced to a thin disk, but sometimes distinct; fruits with an in- 
durated discoid frustum bearing the persistent indurated style and 
stigmas ; pericarp granular-tuberculate on the surface, hard and crus- 
taceous in texture, with irregular granules like stone-cells ; mesocarp 
fibers flexuous and variable in size, forming a rather irregular net- 
work; seed distinctly flattened on the upper face, a broad gradually 
sloping groove between the hilum and the embryo, and a short, narrow 
raphe, extending about halfway to the embryo. 


DESCRIPTION OF PLECTIS OWENIANA COOK ® 
Plates 4, 7, 20-26 


Trunk smooth, ringed with leaf scars, attaining 25 m. in height, 
68 cm. in circumference at base, 50 cm. at one meter above the base, 
27.5 cm. at the top; trunk supported on a conical mass of thick tuber- 
culate roots 7.5 cm. in circumference, with large fibrous root-caps ; 
sometimes with aerial roots growing from higher internodes, to a 
meter above the surface, forming props around the trunk as in the stilt- 
palms, /riartea and related genera. The special development of aerial 
roots may be an adaptive character for growing on massive limestone 
formations. 

Leaf-sheath bundle 150 cm. long, 27.5 cm. in circumference near 
the top; margin of the sheath thin and friable, a projection or antili- 
gule about 6 cm. long opposite the petiole, of fleshy or membranous 
texture, not fibrous, fragile when dry, about 6 cm. long, 5 cm. broad. 
Texture of leaf-sheaths thin, with a delicate lining that separates 
readily ; petiole 37-47 cm. long, nearly 4 cm. wide near the base, 3 cm. 
below the first pinnae, broadly grooved in the lower part, nearly flat 
above, the upper surface with scattered minute fugacious scales. 

Rachis 267 cm. to the insertion of last pinna, 27 cm. wide near the 
base, the upper surface nearly flat, gradually becoming ridged and tri- 
angular in cross-section, flat underneath, tapering from 8 mm. wide 
to only 2 mm. near the end, continued as a slender fiber as long as the 
last pinnae. Surface of rachis with scattered fine scales, larger and 
more abundant on a small oblique area below the insertion of the pinna 


* Bulletin of the Torrey Botanical Club, vol. 31, p. 353, June 1904. 
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and also on the base of the pinna, the scales flat and rather regular in 
outline, often split or notched along the margins, but not rayed or 
fringed ; lower part of rachis surface naked. 

Pinnae 61-63 on each side, lower pinnae widely spaced, 12-14 cm. 
apart, the middle and upper pinnae closer and more regular, about 
4 cm. apart; basal pinnae 67 cm. by 1.1 cm.; middle pinnae 81-93 cm. 
by 3.5 cm.; terminal pinnae 37 cm. by 1.2 cm. or less, often split into 
narrow shreds, 5 mm. or less in width. Upper pinnae with coarse 
brown scales on a short basal section of the midrib underneath, the 
scales possibly fugacious elsewhere. Secondary veins distinct, but less 
prominent than in Rooseveltia. 

Outer spathe longer than the inner, attaining 130 cm., broadly 
auricled at base, 15 cm. broad across the auricles, 10 cm. broad above 
the auricles, gradually wider above, the lateral margins winged, the 
tip thin and flat, 4 cm. wide near the end. Auricles of the first spathe 
supported on the widened basal joint of the peduncle, the lateral 
expansion of the spathe-scar measuring 2.5 by 1.5 cm., but the scar 
only 2 mm. wide near the median line. Scar of second spathe 6 mm. 
wide on the sides, 3 mm. near the middle. The two spathes similar 
in size and texture, thin and friable when dry like the leaf sheaths, not 
woody and rigid as in some of the related genera that have unequal 
spathes, only the inner spathe complete, the outer much shorter. A 
similar specialization, two complete spathes of thin texture, and these 
retained in the leaf-sheaths till the time of flowering, appears in sev- 
eral East Indian palms, Seaforthia, Loroma, Archontophoenix, and 
Linoma. 

Spadix, including the very long, slender subequal branches, exceed- 
ing I m.; peduncle to first branch 9-13 cm., basal joint 5-9 cm., sec- 
ond joint 2.2-2.5 cm., third joint slightly shorter than the second. 
Branching axis 37-39 cm., with 65-70 branches; tip of axis beyond 
branches 66 cm. ; several branches (7-9) suppressed on the upper side 
of the lower part of the axis, none on the under side; the lower 
branches and locations of suppressed branches subtended by large 
rusty-brown spathelike bracts, attaining 22 cm. by 4 cm. Lower 
branches 60-70, long, the naked base or stalk attaining 6 cm., gradu- 
ally shorter, 2-4 cm., on upper branches; distal sections of branches 
tapering, the terminal 5-6 cm. with only male flowers. Lower branches 
often with a rounded dark-colored pulvinus above the lowest flower- 
cluster or flower position, doubtless a carry-over from the pulvini in 
the axils of the branches. 
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Flower-clusters rather remote in the lower sections of the branches, 
then gradually closer, though not crowded as in Rooseveltia, the 
middle and upper sections becoming distinctly notched and flexuous 
on account of the deep depressions formed by the male flower-buds ; 
male flower-scars usually transverse or triangular, surrounded by a 
narrow rim of compact tomentum, one of the pair often distinctly 
pedicellate at least on the lower part of the branches. 

Female flowers with sepals 3 mm. by 4 mm.; petals subquadrate, 
5 mm. long, subtended by two broadly triangular erect bracts, often 
distinctly carinate on the outside, often exceeding 1 mm. in height. 
Staminodes sometimes distinct, at least the outer 3, those alternating 
with the petals minute and membranous or somewhat indurated. 

Fruits broadly conic-ovoid, with a prominent subapical stigma-scar 
or slender shriveled style, surrounded by a low flattened frustum: 
surface nearly smooth, the exocarp thin, firmly fleshy; mesocarp 
fibrous in two layers, an outer coat of brown interlaced and anastomos- 
ing fibers and an inner coat of much finer pale-yellowish fibers, sub- 
equal and parallel, imbedded in a rather firm fleshy membrane, the 
surface of the testa only faintly impressed. 

Seeds reniform-globose, with uniform endosperm, basal embryo 
and subapical hilum, a broad abrupt groove between the hilum and the 
embryo, mostly occupied by the broad raphe decurrent from the hilum 
to near the embryo. 

Seedlings with the first leaf compound, of 3 pinnae on each side 
followed by at least 3 leaves with only 2 pinnae on a side, sheaths of 
seedling leaves 6-7 cm. long, petioles to 19 cm. 

The original specimens of Plectis oweniana, the type of the genus, 
were collected in Alta Vera Paz, Guatemala, northwest of Panzos, 
near the Finca Sepacuité, between Senaht and Cajabon, March 1902. 

The very large bracts or supplementary spathes subtending the 
lower branches of the inflorescences and marking the locations of sup- 
pressed branches are a notable example of the retention of a primitive 
feature that in Rooseveltia and most of the other related forms are 
reduced to mere rudiments. The spathes undoubtedly are homologous 
with the bracts that subtend the branches, some of the primitive palms 
having compound inflorescences with spathes developed at each 
branch, and all the spathes nearly equal, instead of the basal spathes 
being largely developed and the others suppressed. The original pro- 
tective function having passed entirely to the large basal spathes and 
the leaf-sheaths, it is difficult to imagine that the large bracts of 
Plectis are of any use, though of scientific interest as marking a stage 
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of gradual suppression. In retaining the large bracts, Plectis may be 
considered as less specialized, and also in having the two large basal 
spathes nearly equal, the first somewhat larger than the second, the 
usual relation being that the first or outer spathe is much shorter, with 
the inner spathe emerging at a relatively early stage of development, 
and becoming much firmer in texture than the outer spathe. 

Each of the flower clusters is subtended by a bract, as though rep- 
resenting a shortened branch of a primitive compound inflorescence, 
and four. other bracts are represented in each flower cluster, one on 
each side of the female flower, usually overlapping at the ends, form- 
ing an upright persistent collar around the base of the flower. Outside 
the collar bracts are two others, much smaller, each subtending a male 
flower, these male bracts decurrent between the collar bracts and the 
upward extensions of the basal bract, at the sides of the female flower. 
The basal bract is nearly as prominent as the collar bracts and often 
distinctly apiculate. The collar bracts are angled or broadly rounded, 
somewhat carinate at the back, and thickened with parallel fibro- 
vascular ribs like the basal bract and the calyx, though less so than 
in Rooseveltia. Surface of basal bracts and also of collar bracts cov- 
ered with short tomentum like that of the branches. This functional 
involucre in Plectis and related genera is in contrast with Acrista and 
Oreodoxa, which have the bracts minute and rudimentary, buried 
under the flowers in the depressions of the thickened branches. 

Small off-shoots are formed on young palms, as shown in the pho- 
tograph, though under forest conditions only one trunk is developed 
from a cluster of roots. On a cut or injured trunk another off-shoot 
may develop, as observed in several cases where roads or temporary 
clearings had been made through forest areas. 

The fact that all the young palms are much more slender than the 
mature individuals leaves no doubt that a gradual thickening of the 
trunk takes place during development, although the surface is nearly 
smooth and evidences of enlargement were not obvious on the largest 
palms, that may have attained the full diameter. On palms of medium 
size, a more rapid thickening may take place, and longitudinal fissures 
of the outside layer were in evidence, although the surface is kept 
nearly even by the furrows filling with a new growth of brownish, 
barklike, corky material. Also it was noticed that a rather soft outer 
layer could be distinguished, with fibers much smaller than those of 
the harder “wood” underneath. By a gradual addition of fibers on 
the outside, fine at first and gradually thickened, a form of exogenous 
growth seems possible. 
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A large individual, about 25 m. tall, in the forest near Sepacuité, 
was cut in 1902 but remained upright, held by vines that bound it to 
an adjacent large tree, and was still alive in 1904, with the leaf-crown 
still fresh. That the moisture stored in the trunk had been sufficient to 
support the crown is difficult to believe, and raises the question of the 
leaf-crown absorbing water or of a few fibers near the center of the 
trunk remaining uncut and continuing to function for a time. It is 
known that trunks of other palms continue to exude sap at the upper 
end for several months after being felled, as in the “molasses palm” 
of Chile, Jubaea chilensis (Molina), and the humid forest conditions 
doubtless would lengthen the period of continuing to furnish moisture. 
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1. A leaf-crown of a palm standing in the forest. 
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2. Leaf-crown of felled palm, stood up to show leaf-sheath, the very short 
petioles and the close-set lower pinnae. 
FOLIAGE OF ROOSEVELTIA. GROWN UNDER FOREST CONDITIONS, 
WITH SPREADING LEAVES AND NUMEROUS DROOPING PINNAE 
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1. Outer surface of mature trunk 
near the base, the thin surface layer 
with fine longitudinal grooves less 
distinct above than where the sur- 
face was protected by the crusta- 
ceous lichens, the “bark” broken in 
the lower part showing the smooth 
subsurface layer. (Natural size.) 
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2. Longitudinal sections of the 
trunk, at the right a radial section 
showing fine fibers near the surface 
and coarse compact fibers under- 
neath: left-hand section with finer 
fibers, farther up the trunk. (Natu- 
ral size. ) 


TRUNK OF ROOSEVELTIA PALM 
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Mouth of leaf-sheath and base of petiole, the leaf-sheath opened and flattened, 
showing the antiligule as a large fibrous expansion of the sheath beyond the 
attachment of the petiole. Also the light-colored vitta at the back of the petiole 
is distinctly shown. (Natural size.) 


ANTILIGULE OF ROOSEVELTIA 
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1. Rooseveltia, basal section of 2. Plectis, lower section of rachis 
the rachis showing insertions of 5 with only 2 pinnae on each side, 
pinnae, the middle pinna lost, but widely separated. (Natural size.) 


the scar perceptible. 


BASE OF RACHIS OF ROOSEVELTIA AND PLECTIS 
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I. Section near the middle of the 2. Terminal section of the rachis, 
leaf, showing the rachis with a high to insertion of last pinnae, the upper 
median flange above the insertion surface of rachis beset with brown 
of the pinnae. scales. (Natural size.) 


RACHIS OF ROOSEVELTIA 
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LEAF OF ROOSEVELTIA, MIDDLE SECTION, SHOWING REGULAR 
INSERTION OF VERY LONG PENDENT PINNAE 
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YOUNG INFLORESCENCE OF ROOSEVELTIA 


Section of the spathe and first joint of peduncle, seen from the side, showing 
the lateral expansion that nearly encircles the trunk. Also note striate surface 
of young leaf-sheath, unevenly beset with small brown scales. 
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2. Base of mature inflorescence. (Nearly natural size.) 
ROOSEVELTIA, BASAL JOINT OF PEDUNCLE 
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ROOSEVELTIA TRUNK AND INFLORESCENCE 


Summit of trunk, base of mature, indurated leaf-sheath, short trunk-zones and 
longer leaf-scars, with basal joints of mature inflorescence. (Natural size.) 
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COCONUT PALMS AND ROOSEVELTIA 


a, coconut palms at Wafer Bay, Cocos Island, to compare with 1; b, leaf-crown 
of Rooseveltia, showing similar leaf-form and drooping pinnae; c, d, young 
inflorescence of Rooseveltia at the opening of the male flowers; ¢, f, mature in- 
florescence of Rooseveltia, viewed from the side and underneath, showing the 
greatly swollen basal joint of the peduncle and the ripe fruits. 
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ROOSEVELTIA Bubs AND F 
At the left a complete flower-br 
male buds still in pl 
sections of branch 

temale flower 


LOWERS 


anch cut in three sections, 
ace but the flowers detached. i 
with younger 
still in place. 


many large conical 
At the right terminal and basal 


buds, showing clusters of two males and one 
(Natural size. ) 
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ROOSEVELTIA MALE FLOWERS 


Showing short overlapping sepals, large valvate petals, fleshy recurved, 
truncate filaments, oblong-triangular anthers, and divaricate pistillodes. (En- 
larged about 7 diameters. ) 
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1. Basal sections of inflorescence 2. Basal section of mature in- 
branches with mature fruits. (Natu- florescence, showing insertion of 
ral size.) branches along the axis and sup- 


pression of branches on upper face. 
(Natural size.) 


FRUITING STAGE OF ROOSEVELTIA 
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BRANCHING OF ROOSEVELTIA INFLORESCENCE 


Several branches removed to show close insertion of branches and end of 
branching axis somewhat thicker than the branches. (Natural size.) 
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SEEDLING STAGE OF ROOSEVELTIA 


Seedling with first expanded leaf showing 6 radiating grasslike segments ; base 
of older seedling right, showing long sheaths and petioles; leaf of still older 
seedling at left; to compare with seedlings of Plectis, plate 24. (Natural size.) 
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2. An entire leaf-blade of Rooseveltia, with veterans of the palm excursion. 


ROOSEVELTIA AT COCOS ISLAND 
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PLECTIS PALMS EMERGING ABOVE THE FOREST, ON THE SUMMITS OF 
LIMESTONE MOUNTAINS IN THE DEPARTMENT OF ALTA 
VERA PAZ, IN EASTERN GUATEMALA 








SMITHSONIAN MISCELLANEOUS COLLECTIONS 


MATURE INFLORESCENCE OF PLECTIS 


nk and portion of leaf-sheath showing 
with more compact inflorescence 0! Rooset 


slender 
eltia, plate 13. 


very long 


Upper joints of tru 
branches, to compare 
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YOUNG INFLORESCENCE OF PLECTIS PALM j 


Upper part of peduncle and lower section of branching axis, showing large 
spathelike bracts subtending branches and locations where branches are sup- | 
pressed. At the left a naked seed and a seed with fibrous covering, beginning to 
germinate. (Natural size.) 
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PEDUNCLE AND FRUITS OF PLECTIS PALM 
With lower section of branching 
with pulvini at the insertions, also 
(Natural size. ) 


axis, showing long naked base of branches 
section of a branch with mature fruits. 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98, NO, 7, PL. 24 





SEEDLINGS OF PLECTIS PALM 

Seeds with fibrous covering, at 
expanded leaf with 6 segme 
sheaths preceding the leaves. 


different stages of germination, the first 


nts, the second leaf with 4 segments; 2 bladeless 
(Natural size.) 
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ise to 4 much smaller off-shoots, with narrow grass- 
e of seedlings, but more numerous. (Natural size. ) 
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FOLIAGE OF PLECTIS PALM 

of leaf-crown, brought out 
h, at Finca Sepacuité, in the district of Panzos, showing 
pinnae, in comparison with Rooseveltia, 


Upper section of trunk, leaf-sheath bundle, and part 
of forest to photograp 
long petioles and widely spaced sloping 


plate 2. 
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PEOWERING PLANTS COLLECTED ON THE 
PRESIDENTIAL CRUISE OF 19338 


BYES WORMED: Pa Kelie lene 
Associate Curator, Division of Plants, U. S. National Musewm 


The flowering plants collected by Dr. Waldo L. Schmitt on the 
Presidential Cruise of 1938 are enumerated herewith, with the excep- 
tion of a new palm, described by Dr. O. F. Cook in a preceding paper 
of this series. Among the 25 species represented several are very rare, 
being known only from the Galapagos Islands. These specimens are a 
valuable addition to the National Herbarium. 


_ NAJADACEAE 
Najas marina L. Sp. Pl. rors. 1753. 


Clipperton Island; lagoon back of landing place (no. 102). This 
collection represents form “A” in Rendle’s monograph of the family,’ 
the leaves being much broader than in the form common in the United 
States. This species is widely distributed throughout the world. 


GRAMINEAE 
Aristida subspicata Trin. & Rupr. Mém. Acad. Petersb. VI. 7: 125. 1840. 


Elizabeth Bay, Albemarle Island (no. 107). Endemic to the 
Archipelago. 


Cenchrus echinatus L. Sp. Pl. 1050. 1753. 


Clipperton Island (no. 104). A common tropical weed. 


AMARANTHACEAE 


Alternanthera echinocephala (Hook. f.) Christophersen, Nyt. Mag. Natur- 
vidensk. 70: 73. 1932. 
Brandesia echinocephala Hook. f. Trans. Linn. Soc. 20: 189. 1847. 


Charles Island (no. 119). Endemic to the Archipelago. 


Alternanthera nudicaulis (Hook. {.) Christophersen, Nyt. Mag. Naturvi- 
densk. 70: 73. 1932. 
Bucholtzia nudicaulis Hook. f. Trans. Linn. Soc. 20: 191. 1847. 
Charles Island (no. 126). [endemic to the Archipelago. Identified 
by John Thomas Howell, California Academy of Sciences. 


*Pflanzenreich 4. 1901. 
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NYCTAGINACEAE 
Boerhaavia tuberosa Lam. Ill. Gen. 1: 10. 1791. 


Charles Island (no. 120). This species is common in the Galapagos 
Islands and occurs also in Peru. Records for B. scandens L. in the 
Archipelago evidently apply to B. tuberosa.’ 


AIZOACEAE 
Sesuvium edmonstonei Hook. f. Trans. Linn. Soc. 20: 221. 1847. 


Sulivan Bay, James Island (no. 106). Endemic to the Islands. 


CAESALPINIACEAE 


Emelista tora (L.) Britton & Rose, ex Britton & Wilson, Sci. Surv. Porto 
Rico & Virgin Is. 5: 371. 1924. . 
Cassia tora L. Sp. Pl. 376. 1753. 
Charles Island (no. 125). Common throughout the Tropics and 
in warmer parts of temperate regions ; apparently not before reported 
from the Galapagos Islands. 


Parkinsonia aculeata L. Sp. Pl. 375. 1753. 


Charles Island (no. 114). A common tree of the American Tropics. 


PAPILIONACEAE 


Parosela parvifolia (Hook. f.) Macbr. Contr. Gray Herb. 65: 23. 1922. 

Dalea parvifolia Hook. f. Trans. Linn. Soc. 20: 225. 1847. 

Charles Island (no. 112). Species not previously represented in the 
National Herbarium. 

The writer has given * reasons for retaining for this genus the name 
Parosela, in general use among American botanists. Dalea has been 
proposed as a conserved name by the International Committee on 
Nomenclature. 


Galactia velutina Benth. in Tayl. Ann. Nat. Hist. 3: 437. 1830. 


Galactia jussiaeana var. volubilis Benth. in Mart. Fl. Bras. 157 


: 143. 1850. 

Elizabeth Bay, Albemarle Island (no. 109). Also in northern and 
eastern South America. In reports on the Galapagan flora this plant 
is listed as G. jussiaeana var. volubilis, but special studies which the 
writer has made of South American Papilionaceae indicate that it rep- 
resents a species distinct from G. jussiaeana. 


* See Standley, The Nyctaginaceae and Chenopodiaceae of northwestern South 
America, Field Mus. Bot. 11: 106. 1931. 
“Journ. Washington Acad. Sci. 26: 360. 1936. 
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EUPHORBIACEAE 
Phyllanthus niruri L. Sp. Pl. 981. 1753. 


Clipperton Island (no. tor). A common tropical weed. 


MALVACEAE 


Abutilon umbellatum (L.) Sweet, Hort. Brit. 53. 1820. 
Sida wmbellata L. Syst. Nat. ed. 10, 1145. 1750. 


Charles Island (no. 113). This genus is in need of thorough revi- 
sion, and for the present I am accepting Svenson’s views * in reducing 
the two supposedly endemic Galapagan species, A. depauperatum 
(Hook. f.) Anderss. and A. anderssonianum Garcke to synonyms of 
A. umbellatum, a rather widespread plant in tropical America. 


Anoda cristata (L.) Schlecht. Linnaea 11: 210. 1837. 
Sida cristata L. Sp: Pl. 684. 1753. 
Charles Island (no. 122). Widely distributed in the Tropics. 


Gossypium barbadense L. Sp. Pl. 603. 1753. 


Charles Island (no. 115). In spite of the economic importance of 
this genus, its taxonomy is in a state of great confusion. The species 
name is here used in a broad sense. 


STERCULIACEAE 


Waltheria reticulata Hook. f. Trans. Linn. Soc. 20: 231. 1847. 


Charles Island (no. 123). Endemic to the Galapagos Islands. 


PASSIFLORACEAE 
Passiflora foetida var. galapagensis Killip, Field Mus. Bot. 19: 505. 1038. 


Charles Island (no. 110). Endemic to the Galapagos Islands. 


CONVOLVULACEAE 
Evolvulus glaber Spreng. Syst. 1: 862. 1825. 


Charles Island (no. 118). Widely distributed in the West Indies 
and northern South America; rarer elsewhere. 


BORAGINACEAE 


Cordia lutea Lam. Ill. Gen. 1: 421. 1701. 


Charles Island (nos. 111, 116). A showy plant, with large yellow 
flowers. Also in western South America. 


* Amer. Journ. Bot. 22: 243. 1935. 
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Heliotropium curassavicum L. Sp. Pl. 130. 1753. 


Clipperton Island (no. 103). Common on shores throughout the 
Tropics. 


Tournefortia pubescens Hook. f. Trans. Linn. Soc. 20: 198. 1847. 


Charles Island (no. 121). Endemic to the Galapagos. Identified 
by I. M. Johnston, of the Arnold Arboretum of Harvard University. 


VERBENACEAE 
Lantana peduncularis Anderss. Vet. Akad. Handl. Stockh. 1853: 200. 1854. 


Charles Island (no. 124). Probably endemic to the Archipelago. 
Identified by H. N. Moldenke, of the New York Botanical Garden. 


SOLANACEAE 


Cacabus miersii (Hook. f.) Wettst. in Engl. and Prantl, Nat. Pflanzenfam. 
LVS elOeeneo tl: 
Dictyocalyx miersti Hook f. Trans. Linn. Soc. 20: 203. 1847. 
Thinogeton miersti Miers, Ann. Mag. Nat. Hist. II. 4: 359. 1840. 


Elizabeth Bay, Albemarle Island (no. 108). Endemic. First fruit- 
ing specimens to be received at the National Herbarium. 


Physalis angulata L. Sp. Pl. 183. 1753. 
Charles Island (no. 117). Widely distributed in tropical America. 


Solanum nigrum L. Sp. PI. 186. 1753. 


Clipperton Island (no. 105). A widely distributed, highly variable 
species. 
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AGA COLLECTED ON THE (PRESIDENTIAL CRUISE 
OF 1938 


By WM. RANDOLPH TAYLOR 
University of Michigan, Ann Arbor 


(WitH Two PLatEs) 


The algae collected on the 1938 Presidential Cruise of the Honor- 
able Franklin D. Roosevelt by Waldo L. Schmitt, Curator of Inverte- 
brates at the United States National Museum, consist of eight lots 
from five places visited. Ordinarily, so few samples would have 
yielded little, but it so happened that three of the eight were pro- 
ductive of novelties, and two, coming from places without previous 
algal record and quite unlikely soon again to yield collections, were 
of considerable special interest. By reason of lack of previous visits 
by phycologists nearly all of the records are new for their stations. 
For the opportunity of studying these algae the writer is indebted to 
the collector and the authorities of the National Museum. Type 
material of the new species has been deposited in the United States 
National Herbarium. 

Of the collections from Magdalena Bay little need be said. They 
supplement each other and were dominated by Chaetomorpha and 
Griffithsia. The former genus is represented by C. crassa, a species 
more familiar from the West Indies, and one of a number of tropical 
Atlantic species turning up in collections from Pacific Central 
America and neighboring warm waters. The Griffithsia is even more 
interesting. On the west coast, species of this genus have given 
systematists trouble because they are persistingly sterile. On the east 
coast they are few in number but better known. On the European 
west coast they are more numerous. Here we have a species which is 
sufficiently characterized by its sporophytic phase to add a recognizable 
report to the American flora of a section of the genus as yet not 
reported there. It is very much simpler than any of the east-coast 
species and appears to be undescribed. 

The Clipperton Island collections are unique, for landing on this 
isolated atoll is specially difficult. The jars of mixed algae from the 
lagoon were very surprising to the author. He had incorrectly assumed 
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that the water was salt, by seepage or other admixture from the sea. 
The plants found indicate on the contrary that it is at least nearly 
fresh, at any rate near the surface and in shallows, though probably 
heavily polluted with nitrogenous matter from the bird colonies. The 
bulk of the material was of Myxophyceae, which is appropriate under 
such conditions, and apparently great masses of Lyngbya versicolor 
must have been present at least near the shore. This is not a definitely 
marine species. With it were other Myxophyceae of cosmopolitan 
habits. In sparing amounts an undeterminable Chara appeared. 
Finally, four desmids were found in considerable numbers, one in 
particular (Cosmariym clippertonensis) which the writer inclines to 
treat as new. It should be observed that these species of desmids 
(which are as a group intolerant of salt) showed rather weak surface 
markings and considerable irregularity, so that perhaps they were 
adapted to slightly brackish conditions. This is supported by the 
presence of the only phanerogam associate, Najas marina, which is 
normally an inhabitant of brackish water. No hydrometer readings 
were made, unfortunately. 

The algae of Old Providence Island, Colombia, off the Nicaraguan 
coast, were collectively quite in accord with what would have been 
expected in any productive locality in the Gulf of Mexico and adja- 
cent waters. One minute encrusting Fosliella was particularly attrac- 
tive and exhibited a type of variation not known in F. farinosa or the 
group to which it belongs, so it is described as new. These add a few 
welcome records to an unexplored section of the Atlantic Central 
American coast. Apparently material from various spots were min- 
gled, so it is impossible to indicate exactly the habitat in the appended 
list. 


So DE MATIC TiS a5 
MY XOPHYCEAE 
CHROOCOCCACEAE 
Chroococcus turgidus (Kiitzing) Nageli 
Occasional among filamentous algae in the lagoon, Clipperton Is- 
land, Mexico (Schmitt 21), July 21, 1938.7 
Microcystis flos-aquae (Wittrock) Kirchner 


Colonies infrequent among filamentous algae in the lagoon, Clipper- 
ton Island, Mexico (Schmitt 21), July 21, 1938. 


*The collection numbers were assigned by the author after the material had 
been sorted and mounted. 
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Gomphosphaeria aponina Kiitzing 


Infrequent colonies among filamentous algae in the lagoon, Clip- 
perton Island, Mexico (Schmitt 21), July 21, 1938. 


CHAMAESIPHONACEAE 
Xenococcus pyriformis Setchell & Gardner 


With other, indeterminable, Myxophycean epiphytes on Bostrychia 
binderi, probably from mangrove roots, south end of black beach, 
Elizabeth Bay, Isabela Island, Archipelago de Colon, Ecuador (Albe- 
marle Island, Galapagos Islands) (Schmitt 27), July 28, 1938. 


OSCILLATORIACEAE 
Lyngbya aestuarii (Mertens) Liebmann 


Scattered trichomes in and among the masses of L. versicolor, 
lagoon back from the landing place, Clipperton Island, Mexico 
(Schmitt 21), July 21, 1938. Determined by the kindness of Dr. 
Francis Drouet. 


Lyngbya lagerheimii (Mobius) Grunow 


Scattered trichomes among the masses of L. versicolor, particularly 
evident in sediment of liquid from which the L. versicolor had been 
strained, from the lagoon back from the landing place, Clipperton 
Island, Mexico (Schmitt 21), July 21, 1938. Determined by F. 
Drouet. 


Lyngbya versicolor (Wartmann) Gomont 


Forming large masses, and probably extremely abundant, associated 
with smaller amounts of other species of algae and phanerogams, 
particularly Najas marina, in the lagoon back from the landing place, 
Clipperton Island, Mexico (Schmitt 21), July 21, 1938. Determined 
by F. Drouet. 


RIVULARIACEAE 


Calothrix stellaris Bornet & Flahault 


On leaves of Najas marina from the lagoon back from the landing 
place, Clipperton Island, Mexico (Schmutt 21), July 21, 1938. Deter- 
mined by F. Drouet. 
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CHLOROPRY CHAE 
DESMIDIACEAE 


Closterium parvulum Nageli, forma. Text fig. 8. 


These plants are consistently larger (length 150 yw, width 22 ») than 
the species as described by West and West (1905, p. 133) and they 
curve through a greater arc. Krieger (1935, p. 277, pl. 16, fig. 18) 
in var. majus West admits larger forms and in var. angustum West 
and West forms as curved; the present type probably represents yet 
another minor variant of the species. Rich’s African C. prolongum 
figured on the same plate has more pyrenoids, is somewhat larger 
and has a greater median swelling, but is otherwise similar. 

Infrequent in the lagoon, particularly in strainings from the 
Lyngbya masses, Clipperton Island, Mexico (Schmitt 21), July 21, 


1938. 


Closterium parvulum, near var. majus West. Text fig. 0. 


These plants were a little more tapering and curved than figured 
by Krieger (1935, p. 277, pl. 16, fig. 18), but apparently were within 
his concept of the species and perhaps of the variety. Length 170 pn, 
width 21.5 p. 

Frequent in the lagoon, particularly in strainings from the Lyng- 
bya masses, Clipperton Island, Mexico (Schmitt 21), July 21, 1938. 


Cosmarium clippertonensis, n. sp.” Text figs. I-7. 


Cells small, semicells subtriangular, much wider than long, the end 
narrowly transversely truncate or slightly retuse, the basal angles 
obliquely truncate, the sinus closed; in polar view oval with a promi- 
nent lateral thickened swelling ; in edge view the semicells subcircu- 
lar with the same swelling visible; pyrenoids single in each semicell, 
the wall smooth. Length 22-24 pw, width 19-20 p, thickness 13.2 p, 
isthmus 4.5 p. 

These plants seem closest to C. wembaerense forma of Borge 
(1933, p. 14, pl. 1, fig. 11). They are not so like his C. scopulorum 
(1923, p. 12, pl. 1, fig. 4), to which he refers, and even less like the 


*Cosmarium clippertonensis, spec. nov.—Cellulae parvae, semicellulis sub- 
triangulis, latioribus quam longioribus, transverse truncatis vel retusiusculis; 
angulis basalibus obliquiter truncatis; sinu inaperto; aspectu polari ovalibus, 
lateraliter incrassatis bullatisque; aspectu  laterali semicellulis subglobosis 
etiamque cum incrassationibus visibilibus; pyrenoideis in semicellula singulis; 
membrana laevi. 
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original C. wembaerense Schmidle (1898, p. 33, pl. 2, fig. 8), although 
of about the same size. The lateral semicell faces are not as distinc- 
tively elevated and thickened in these plants as they are in those from 
the Clipperton lagoon. There are a number of other forms recorded 
with approximately the same size and practically the same contour 
from face view (or with but slightly more broadly truncate apices), 


il 





ENG Seet— 


1-7, Cosmarium clippertonensis, face (1, 2, 4, 5), edge (3) and polar views 
(6, 7), all X 940. 8, Closterium parvulum forma, X 375. 9, Closterium parvulum 
near v. majus, X 375. 10-12, Cosmarium subprotumidum, polar (1), face (11), 
and edge (12) views, X 940. 


but usually the lateral faces are not markedly elevated, or evidence on 
this point, from a good polar view, is quite lacking. 

Very common in the lagoon, particularly in the strainings from the 
Lyngbya masses, Clipperton Island, Mexico (Schmitt 21), July 2r, 


1938. 


Cosmarium subprotumidum Nordstedt, forma. Text figs. 10-12. 


These plants were generally a little large for the species, with the 
lateral granules very small and obscure, those on the central pro- 
tuberance large but low and not very refractive. 


6 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


Common in the lagoon, particularly in the strainings from the 
Lyngbya masses, Clipperton Island, Mexico (Schmitt 21), July 21, 
1938. 


OOCYSTACEAE 
Oécystis solitaria Wittrock, approaching forma major Wille 


Generally solitary, occasionally 2-8 individuals in a common mem- 
brane, the cells to 24 » wide, 36 » long, broadly round-oval ; wall firm, 
with well-defined knobs at each pole, both of the individual cells and 
the colonial envelope when it is present. 

Frequent among filamentous algae in the lagoon, Clipperton Island, 
Mexico (Schutt 21), July 21, 1938. 


ULVACEAE 
Ulva sp. 
Juvenile, only about 15 mm. tall, thickness above to 45 p, cells in 
section a little deeper than broad. Apparently abundant. 
From rocks, shallow water along the shore of Fernandina Island, 
Archipelago de Colon, Ecuador (Narborough Island, Galapagos Is- 
lands) (Schmitt 23), July 25, 1938. 


OEDOGONIACEAE 
Oedogonium sp. 


Sterile and not determinable. Filaments about 8.5 » diameter. 
Filaments frequent, among other algae in the lagoon, Clipperton 
Island, Mexico (Schmitt 21), July 21, 1938. 


VALONIACEAE 
Halicystis ovalis (Lyngbye) Areschoug 


With Amphiroa annulata, from rocks, shallow water along the 
shore of Fernandina Island, Archipelago de Colon, Ecuador (Nar- 
borough Island, Galapagos Islands) (Schmitt 24), July 25, 1938. 


Valonia ventricosa J. Agardh 


In shallow water, probably from reefs, and bearing numerous 
epiphytes, Old Providence Island, Colombia (Schmitt 32), August 6, 
1938. 
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CLADOPHORACEAE 
Chaetomorpha crassa (C. Agardh) Kutitzing 


Unattached, the filaments long, moderately flexuous but not con- 
spicuously entangled, adhering well to paper ; cells 480-640 » diameter, 
I-2 diameters long, the nodes little constricted, the walls moderately 
thick. 

Dredged in quantity at 20-30 m. over a sandy, weedy bottom in 
Magdalena Bay, Baja California, Mexico (Schmitt 6), July 18, 1938. 


CAULERPACEAE 
Caulerpa racemosa (Forsskal) J. Agardh, forma 


Apparently a reduced form. The erect branches were 1-3 cm. tall. 
The branchlets were cylindrical, with the tips slightly tapered, about 
1.5 mm. diameter, 3-0 mm. apart on the axis, often opposite, with 
slight tendency to a bilateral arrangement. Without more ample mate- 
rial it seems unwise to describe even a new form in this difficult genus. 

On rocks in shallow water to the south of the landing place, Clip- 
perton Island, Mexico (Schmitt 14), July 21, 1938. 


Caulerpa sertularioides var. brevipes (J. Agardh) Svedelius 
In shallow water, Old Providence Island, Colombia (Schmitt 38), 
August 6, 1938. 
CODIACEAE 
Codium decorticatum (Woodward) Howe 


Branching irregular, the branches to 5 mm. diameter when dried, 
the utricles unarmed, to 360-480 » diameter. 

One piece dredged at 20-30 m. between Belcher Point and the 
anchorage, Magdalena Bay, Baja California, Mexico (Schmitt 1), 
July 18, 1938. 


Halimeda opuntia (Linnaeus) Lamouroux 


On a bottom of coral sand, shallow water, Old Providence Island, 
Colombia (Schmitt 37), August 6, 1938. 


Halimeda simulans Howe 


In shallow water, Old Providence Island, Colombia (Schmitt 37), 
August 6, 1938. 
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Penicillus capitatus Lamarck 


Old Providence Island, Colombia; bottom sample at anchorage 
(Schnutt 30), in coral sand in shallow water (Schmitt 36) ; August 6, 


1938. 


Penicillus dumetosus (Lamouroux) Blainville 


In coral sand, shallow water, Old Providence Island, Colombia 
(Schmitt 35), August 6, 1938. 


Rhipocephalus phoenix (Ellis & Solander) Kutzing, near f. typicus Gepp. 


On coral sandy bottom in shallow water, Old Providence Island, 
Colombia (Schmitt 33), August 6, 1938. 


Udotea conglutinata (Solander) Lamouroux 


On shells in coral sandy bottom in shallow water, Old Providence 
Island, Colombia (Schmutt 34), August 6, 1938. 


CHAKOPELY CHA 
CHARACEAE 


Chara sp. 

Sterile, and so quite undeterminable. However, the leaves had 
naked basal internodes more than twice as long as broad, much exceed- 
ing the bracteoles, so it is probable that the plants belong to the same 
group as C. elegans. 

Seanty, with Lyngbya versicolor, from the lagoon back from the 
landing place, Clipperton Island, Mexico (Schmitt 21), July 21, 1938. 


PHAEOPHYCEAE 
DICTYOTACEAE 


Dictyopteris delicatula Lamouroux 


On the basal parts of Zonaria variegata, rocks south of the land- 
ing place, Clipperton Island, Mexico (Schmitt 15), July 21, 1938; 
probably from reef pools, Old Providence Island, Colombia, with 
Valonia ventricosa (Schnutt 32) and with Amphiroa fragilissima 
(Schmitt 49), August 6, 1938. 


Dictyota crenulata J. Agardh 


Dredged sparingly with Griffithsia in 12-20 m. on a sandy bottom 
off Punta Gorda and nearby, Cap San Lucas, Baja California, Mexico © 
(Schmitt 7), July 19, 1938. 





NO. 9 ALGAE—TAYLOR 9 


Dictyota divaricata Lamouroux 


In shallow water, probably on reefs, Old Providence Island, Co- 
lombia (Schmitt 41), and with Laurencia obtusa (Schmutt 51), 
August 6, 1938. 


Padina durvillaei Bory 


Sparingly dredged with Griffithsia in 12-20 m. over a sandy bottom 
off Punta Gorda and nearby, Cap San Lucas, Baja California, Mexico 
(Schmitt 8), July 19, 1938. 


Zonaria variegata (Lamouroux) Mertens 


With sori. Apparently abundant, from rocks in shallow water 
south of the landing place, Clipperton Island, Mexico (Schmitt 16), 
July 21, 1938; in shallow water, probably on reefs, Old Providence 
Island, Colombia (Schnutt 40), August 6, 1938. 


ASPEROCOCCACEAE 
Colpomenia sinuosa (Roth) Derbes & Solier 


From rocks, shallow water along the shore of Fernandina Island, 
Archipelago de Colon, Ecuador (Narborough Island, Galapagos Is- 
lands) (Schmitt 25), July 25, 1938. 


FUCACEAE 
Sargassum polyceratium Montagne 


In shallow water, probably on reefs, Old Providence Island, Colom- 
bia (Schmitt 42), August 6, 1938. 


RHODOPHYGEAE 
CHAETANGIACEAE 
Galaxaura lapidescens (Ellis & Solander) Lamouroux 


In shallow water, probably on reefs, Old Providence Island, Colom- 
bia (Schmitt 47), August 6, 1938. 


Galaxaura squalida Kjellman 


In shallow water, probably on reefs, Old Providence Island, Colom- 
bia (Schmitt 48), August 6, 1938. 
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GELIDIACEAE 
Gelidium pusillum var. conchicola Piccone & Grunow 


From bottom sample at anchorage, Old Providence Island, Colom- 
bia (Schmitt 31), August 6, 1938. 


CORALLINACEAE 
MELOBESIEAE 


Fosliella farinosa (Lamouroux) Howe 


In shallow water, Old Providence Island, Colombia, epiphytic on 
Cymodocea manatorum (Schmitt 44 p. p.), probably on reefs; epi- 
phytic on Valonia ventricosa (Schmitt 32) ; and on Laurencia obtusa 
(Schmitt 51), August 6, 1938. 


Fosliella farinosa (Lamouroux) Howe, n. var. chalicodictya * 
Text figs. 13, 14, plate 1, figs. 1-3. 

Plants small, forming minute coalescent lightly calcified crusts 
which individually may reach 1, rarely 2 mm. in diameter ; crusts fila- 
mentous, the filaments sinuous to angularly bent, laterally cohering 
at the points of contact, or anastomosing, to form a definite network, 
the cells generally 10-12 » diameter, 15-20 » long, with small super- 
ficial cortical cells superposed at the ends; occasional hyaline hair- 
bearing cells 18-22 » diameter also present. 

In shallow water, Old Providence Island, Colombia; probably on 
reefs as epiphytic on Valonia ventricosa (Schmitt 32), August 6, 
1938. ‘ 

This plant was mixed with F. farinosa var. solmsiana and other, 
unidentifiable Melobesieae, but usually monopolized the cell upon 
which it grew. The variety solmsiana characteristically forms small 
fanlike patches a few to several filaments wide (fl. 1, fig. 1c), the 
patches linked by some filaments which far outstrip the rest and 
spread out to form new fans at their ends. The plant here specially 
described forms close crusts which often coalesce (fl. 1, fig. 1). It 
is quite impossible to separate from the host for mounting those with 
the largest meshes, but these meshes are frequently quite regular 
and 40-60 » or more in diameter. Those crusts which have smaller 


*Fosliella farinosa, var. nov. chalicodictya—Plantae pusillae, 1-2 mm. diam., 
inter se coalescentes, modice calce incrustatae, filamentosae; filamentis flexuosis 
reticulum fere regulare formantibus; cellulis 10-12 mw diam., 15-20 mw longis, ad 
apices praeditis cum superficialibus cellulis superpositis ; piliferis cellulis hyalinis 
18-22 uw diam. 
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meshes are more easily detached in relatively large pieces, and show 
the dichotomous filamentous structure better (fl. 7, figs, 2, 3). The 
latter type appears in text figure 13, and a transition zone between 
small and larger meshes in figure 14. Occasionally in crowded areas 
a three-dimensional sponge is formed, but this is restricted. As origi- 
nally described, MW. solmsiana Falkenberg (1901, p. 109) was intended 





Fics. 13, 14.—Foshella farinosa var. chalicodictya, views of portions of 
two nets, X 300. 


The net shown in fig. 13 is one with a rather small mesh. The small corticating 
cells show at the ends of the cells making up the constituent filaments, and one 
young hair-bearing cell appears in the upper right-hand quarter of the drawing. 
The net shown in fig. 14 illustrates the transition between a coarser mesh above 
and a smaller one below. 


to apply to a plant with irregular, lacunose growth of the filaments, 
so that a continuous plate was not formed; there is nothing about the 
figures of Solms-Laubach (1881, p. 11, pl. 7, fig. 13) to indicate that 
he had met a plant forming a regular net of the type observed in this 
material from Old Providence Island. 


Fosliella farinosa var. solmsiana (Falkenberg), n. comb. 


On Valonia ventricosa, from shallow water, probably on reefs, Old 
Providence Island, Colombia (Schmitt 32), August 6, 1938. 
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The nomenclatorial status of this plant seems somewhat confused. 
Falkenberg in using the name callithamnioides for it thought his plant 
was the same as that of the Crouans; he therefore simply made a new 
combination in attaching the specific name to Melobesia and did not 
describe his plant. When he admitted the error in identification, he 
named his plant M. solmsiana; he did not describe it even then, but did 
refer to Solms-Laubach’s excellent account. It would seem that the 
name Solmsiana alone signifies, though perhaps its title is not quite 
regular. Whether one considers it a form or a variety is a matter of 
opinion, and the writer is not sure that the name may not have been 
used as that of a variety before Lemoine did so. Since she used the 
name in the genus Melobesia, it is unfortunately necssary to make a 
new combination in the genus Fosliella. The more important records 
consulted follow: Melobesia callithamnioides Falkenberg 1879, p. 265, 
regarding the plant. Neither Hapalidium callithamnioides Crouan 
1850, p. 287, pl. 21, figs. 21-24, nor 1867, p. 140, pl. 20, figs. I-3. Not 
Melobesia callithamnioides (Crouan) Falkenberg Joc. cit., regarding 
the name. Not Guerinea callithamnioides (Crouan) Picquenard, cf. 
DeToni 1924, p. 530. M. callithamnioides Falkenberg, Solms-Lau- 
bach 1881, p. 11, pl. 7, fig. 13, and Hauck 1885, p. 262, fig. 106 (after 
Solms-Laubach). M. solmsiana Falkenberg 1901, p. 109 (no illustra- 
tions, no description). M. farinosa forma solmsiana (Falkenberg ) 
Foslie 1908, p. 16. M. callithamnioides Falkenberg, Migula 1909, 
p. 155, pl. 53M, fig. 6, and Schiffner 1916, p. 151. M. farinosa var. - 
solmsiana Lemoine in Bgrgesen 1917, p. 173, fig. 165 d, e, and Taylor 
1928, p. 211. M. farinosa var. callithamnioides Foslie, Newton 1931, 
Das OL: 


Lithophyllum alternans Lemoine 


Collected along the shore, Fernandina Island, Archipelago de Colon, 
Ecuador (Narborough Island, Galapagos Islands) (Schmitt 26), 
July 25, 1938. 


Lithophyllum pustulatum (Lamouroux) Foslie 


On Laurencia obtusa in shallow water, probably on reefs, Old 
Providence Island, Colombia (Schmitt 51), August 6, 1938. 


Lithothamnion mesomorphum Foslie 


Probably on the reef, Old Providence Island, Colombia (Schmitt 
52), August 6, 1938. 
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Melobesia membranacea (Esper) Lamouroux 


In shallow water, Old Providence Island, Colombia ; on sandy bot- 
tom epiphytic on Thalassia testudinum (Schmitt 43), epiphytic on 
Cymodocea manatorum (Schmitt 44 p. p.). 


CORALEINE AE 


Amphiroa annulata Lemoine 


From rocks, shallow water along the shore of Fernandina Island, 
Archipelago de Colon, Ecuador (Narborough Island, Galapagos Is- 
lands) (Schmitt 24), July 25, 1938. 


Amphiroa fragilissima (Linnaeus) Lameouroux 


Probably from reef pools, Old Providence Island, Colombia 
(Schmitt 49), August 6, 1938. 


Jania capillacea Harvey 


In shallow water, on Zonaria, rocks south of the landing place, 
Clipperton Island, Mexico (Schmitt 17), July 21, 1938; in shallow 
water, probably on reefs, Old Providence Island, Colombia, on 
Acanthophora spicifera (Schmitt 45) and with Laurencia obtusa 
(Schmitt 51), August 6, 1938. 


GRATELOUPIACEAE 
Prionitis lyallii Harvey 


Dredged at 20-30 m. between Belcher Point and the anchorage, 
Magdalena Bay, Baja California, Mexico (Schmitt 2), July 18, 1928. 


RHABDONIACEAE 
Catenella opuntia Greville 


With Bostrychia binderi, probably from mangrove roots, south end 
of black beach, Elizabeth Bay, Isabela Island, Archipelago de Colon, 
Ecuador (Albemarle Island, Galapagos Islands) (Schmitt 27), July 
28, 1938. 


GRACILARIACEAE 
Gracilaria confervoides (Linnaeus) Greville 


Fragments, apparently of this species, dredged in 20-30 m. between 
Belcher Point and the anchorage, Magdalena Bay, Baja California, 
Mexico (Schmitt 4), July 18, 1938. 
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Gracilaria pinnata Setchell & Gardner 


Small pieces dredged at 20-30 m. between Belcher Point and the 
anchorage, Magdalena Bay, Baja California, Mexico (Schmitt 3), 
July 18, 1938. 


CERAMIACEAE 
Centroceras clavulatum (C. Agardh) Montagne 


Probably from reef pools, Old Providence Island, Colombia, with 
Valonia ventricosa (Schmitt 32), with Amphiroa  fragilissima 
(Schmitt 49), August 6, 1938. 


Ceramium byssoideum Harvey 


In shallow water, probably on reefs, Old Providence Island, Colom- 
bia, on Acanthophora spicifera (Schnutt 46), on Laurencia obtusa 
(Schnutt 51), August 6, 1938. 


Ceramium fastigiatum Harvey, forma 


Small tufts scattered among masses of Griffithsia, 1-2 cm. tall. The 
older filaments usually reached a diameter of about 85 p, with inter- 
nodes about 240 uw long, and only exceptionally did the diameter reach 
180 w, when the internodes were but 150 w long and the nodes only 
30 w deep; nodes of only 1-2 rows of cells, even in the largest. 

These plants in diameter of the filaments and character of the 
forcipate apices are intermediate between the northern Atlantic C. 
fastigiatum and the tropical forma flaccidum Petersen, the nodes par- 
ticularly resembling the latter. 

Dredged sparingly at 12-20 m. with Griffithsia over sandy bottom 
off Punta Gorda and nearby, Cap San Lucas, Baja California, Mexico 
(Schmitt 12), July 19, 1938. 


Griffithsia multiramosa (Setchell & Gardner), n. comb., n. var. minor * 


Plants forming gregarious tufts about 2-4 cm. tall, extremely soft, 
almost lubricous in texture, bright rose pink when dried; filaments 


*Griffithsia multiramosa n. var. minor—Plantae gregareae, ramosae, gran- 
diores 2-4 cm. altae, flaccidae, filamentis plerumque pseudodichotomis, dichotomiis 
deorsum obtuse sursum acute angulatis; cellulis cylindricis, eis infra dichotomias 
positis subclavatis, eis ramorum inferiorum ad nodos paululum distentis ; filamentis 
plantae basin interdum 300 mw diam., cellulis inferioribus longitudine usque ad 
1200 mw, in media plantae parte crassitudine usque ad 125 uw, longitudine usque ad 
970 mw, in ramulis ultimis crassitudine 15-20 yw, longitudine 100-200 “; ramulis 
sursum angustatis, apice rotundatis; tetrasporangiis lateralibus, solitariis, in 
pedicellis unicellulis sedentibus, absque involucris; pilis pellucidis nullis. Plantae 
sexuales ignotae. 
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branching pseudodichotomously, or occasionally slightly irregularly in 
upper portions; lower parts of the plant of coarse filaments which 
measure to 300 » diameter at the slightly swollen nodes, the thick- 
walled cells to 1260 » long, and which branch at wide angles ; middle 
and upper portions of the plant of very erect more slender filaments 
branching at very acute angles, the cells when supporting a fork some- 
what clavate, otherwise subcylindrical, about 125 » diameter, the cells 
to 970 p» long; ultimate branching more often alternate than anywhere 
else in the plant, the branchlets to 15-20 » diameter, their cells to 
100-200 p» long, those at the apices of the filaments tapered, rounded- 
acute ; colorless hairs absent; spherical tetrasporangia 50-75 p diame- 
ter, on one-celled stalks, solitary at the nodes of the upper middle . 
parts of the plant, apparently very infrequent, without any trace of 
involucral cells ; sexual organs not seen. 

Dredged in abundance at 12-20 m. over sandy bottom, off Punta 
Gorda and nearby, Cap San Lucas, Baja California, Mexico (Schmitt 
13), July 19, 1938. 

This plant probably represents the species described by Setchell 
and Gardner (1937, p. 87) as Neomonospora multiramosa Setchell 
& Gardner. It is shorter, and the ultimate branchlets are more 
slender than they report ; the tetrasporangia are a little larger in their 
greatest dimension reached, and in particular, they divide in tetrahedral 
(tripartite) fashion, not cruciately. The dimensional differences are 
of but secondary importance ; the fashion of division of the sporangia 
is important and the writer has most carefully confirmed his observa- 
tion on material conserved in formalin. He sees no need for placing 
these plants in the old algal genus Monospora (or a substitute for it), 
since the sporangia there are borne laterally on special branchlets of 
a well-defined type, not present here. The species appears to belong 
to a small section of the genus Griffithsia ill-known by reason of the 
infrequence of reproductive organs, but characterized among other 
features by the lack of any involucral cells about the tetrasporangia. 
It is smaller than G. arachnoidea C. Agardh (G. furcellata J. Ag.) 
(Bégrgesen 1930, p. 29; Funk 1922, p. 226, fl. 5, fig. 3) with shorter 
and probably more clavate cells. This is a species of the Mediter- 
ranean and the Canary Islands. It shows marked resemblance to the 
larger G. comosa Grunow (1867, p. 62, pl. 10, fig. 2) from New 
Zealand, which has the same swollen ends to the apparently longer 
cells, but tetrasporangia are not known for that species. In the lack 
of sufficient evidence to link these specimens with either of the earlier- 
described plants it seems best to treat them as new, since they can, 
with the aid of the tetrasporangia, be fairly clearly defined. 
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RHODOMELACEAE 
Acanthophora spicifera (Vahl) Bérgesen 


In shallow water, probably on reefs, with Ceramium byssoideum, 
Old Providence Island, Columbia (Schmutt 46), August 6, 1938. 


Bostrychia binderi Harvey 


Probably from mangrove roots, south end of black beach, Elizabeth 
Bay, Isabela Island, Archipelago de Colon, Ecuador (Albemarle Is- 
land, Galapagos Islands) (Schmitt 27), July 28, 1938. 


Bryothamnion triquetrum (Gmelin) Howe 


In shallow water, probably on reefs, Old Providence Island, Colom- 
bia (Schmitt 50), August 6, 1938. 


Laurencia obtusa (Hudson) Lamouroux 


Bearing numerous epiphytes, in shallow water, probably on reefs, 
Old Providence Island, Colombia (Schmitt 51), August 6, 1938. 


Pterosiphonia dendroidea (Montagne) Falkenberg 


Dredged in 6-10 fathoms off Punta Gorda, off rocky shore to west, 
and San Jose del Cabo Bay, Cap San Lucas, Baja California, Mexico 
(Schmitt 10), July 19, 1938. 

These pieces, though slender in axis and branchlets, otherwise com- 
pare very closely with the specimens from Peru collected by Coker 
and reported upon by Howe (1914, p. 144), which the writer has been 
able to examine through the kindness of the Curator, New York Bo- 
tanical Garden. 
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EXPLANATION OF PLATES 
PLATE I 


Foslhiella farinosa var. chalicodictya. Fic. 1, surface of dried Valonia with 
Foshella, < 25. Near “a” appears a group of good, large-meshed crusts of 
var. chalicodictya, and near “b” a group of crusts with very small meshes, 
hardly visible in the reproduction. Near “c” are some individuals of the 
var. solimsiana, of which other patches appear among the crusts of var. 
chalicodictya. Fic. 2, surface of a moderately small-meshed net, > 110. 
Fic. 3, surface of rather larger meshed net, 70. Occasional strands of 


var. solmsiana overlie the nets. 


PLATE 2 


Griffithsia multiramosa var. minor. Fic. 1, habit of upper branching of a tetra- 
sporangium-bearing plant, the branches slightly spread from the normally 
erect position, * 33. Fic. 2, lower branches of the same plant, the protoplasts 
as outlined considerably shrunken, X 33. Fic. 3, tips of a few branchlets, 
x 195. Fics. 4-7, portions of branches with tetrasporangia, * 130 except 
fig. 5, X 75. 








SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98, NO. 9, PL. 1 


Fyn 
Po 
a o Oe Ge "<2 : 


“ ~~ 
—.~ 





(For explanation, see p. 18.) 


Q 


Ts 7“ - 
J 
SS SS POND, har a Hh 
SSS 


SS 
= 


S aS 
SSS 
SSS SS Saaaeee ee 


SS 
SSS SS 
SS 

SS Ze 


a —| = — a quem 5 
Ss See == SE 






ee 
ZA ee —— 


=a ee AA 
EZ 4 | 
3 PZE a | J | 
SS | 
ee =e ee 6 
eee ae — : 
19 Ye 








SS Se Z 


see 
— 





SMITHSONIAN MISCELLANEOUS COLLECTIONS 
VOLUME 98, NUMBER 10 


MOLLUSKS COLLECTED ON THE 
PRESIDENTIAL CRUISE OF 
1938 


(WitH Five PLates) 





BY 
PAUL BARTSCH 


Curator, Division of Mollusks, 
U. S. National Museum 


AND 
HARALD ALFRED REHDER 


Assistant Curator, Division of Mollusks, 
U. S. National Museum 





(PUBLICATION 3535) 


CITY OF WASHINGTON 
PUBLISHED BY THE SMITHSONIAN INSTITUTION 
JUNE 13, 1939 











SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOLUME 98, NUMBER 10 


MObcusks COLLECTED ON: THE 
PRESIDENTIAL CRUISE OF 
[730 


(WitH FIvE PLATES) 


BY 
PAUL BARTSCH 


Curator, Division of Mollusks, 
U. S. National Museum 


AND 
HARALD ALFRED REHDER 


Assistant Curator, Division of Mollusks, 
U. S. National Museum 





(PUBLICATION 3535) 


CITY OF WASHINGTON 
PUBLISHED BY THE SMITHSONIAN INSTITUTION 
JUNE 13, 1939 





The Lord Baltimore Press 


BALTIMORE, MD., U. 8. A. 


MOLEUSKS \COLEPETIND, ON; THE PRESIDEN DPA 
CRUISE, OF 11938 


Bye PAU BARTS CE 
Curator, Division of Mollusks, U. S. National Museum 


AND 


HARALD ALFRED REHDER 
Assistant Curator, Division of Mollusks, U. S. National Museum 


(Wirth Five PLATEs) 


During President Franklin D. Roosevelt’s cruise in the Pacific and 
Atlantic Oceans in 1938, on board the U.S.S. Houston, Dr. Waldo L. 
Schmitt, Curator of the Division of Marine Invertebrates of the 
United States National Museum, served as Naturalist. Among other 
things he made collections of mollusks in many rarely visited places, 
which resulted in the discovery of a new subgenus and a number of 
new species and subspecies, which are here described. 

We also give a list of all the species collected, believing this to be of 
especial interest, since little is known of the marine fauna of the places 
in which they were obtained. 

A particularly interesting fact presented by these collections is the 
Indo-Pacific relationship of the marine mollusks of Clipperton Island, 
which suggests a drift fauna. 


TEREBRA (SUBULA) ROOSEVELTI, n. sp. 
Plate 1, fig. 6 


Shell of medium size, elongate-turrited ; ground color yellowish on 
the early whorls, gradually passing into brilliant dark orange on the 
middle turns, again paling on the last whorl. The last 5 whorls have 
the part posterior to the groove marked by areas of blackish chestnut | 
brown, which are of varying length; a little distance anterior to the 
groove a line of dots of the same color of varying size and spacing 1s 
present. The last whorl also has three rather broad, somewhat inter- 
rupted zones of pale brown separated by narrow paler lines; both of 
these elements are of about equal width, the darker bands being about 
two and one-half times as wide as the light lines. The first of these 
pale brown bands is immediately above the periphery, the second 1s 
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immediately above the basal angle, and the last is on the anterior half 
of the base. The outside of the columella is of the same color as the 
base ; its inside, as well as the inside of the aperture, is yellowish, the 
outer lip showing the darker bands, described for the exterior, within. 
Nuclear whorls decollated. The postnuclear whorls are encircled by a 
deeply impressed groove at about two-fifths of the distance between 
their summit and the periphery anterior to the summit. They are 
crossed by low broad axial ribs, which in turn, as well as the inter- 
costal spaces, are marked by fine incremental lines. Of these ribs 33 
are present on the last whorl. The spiral sculpture is reduced to 
microscopic striations. The suture appears as deeply impressed as the 
groove anterior to it. Periphery well rounded. Base short, well 
rounded, marked by the continuations of the axial ribs and fine incre- 
mental lines, which extend to the columella. Columella short, thick, 
with a strong oblique fold which is separated from the base by a 
decided groove. Anteriorly to the fold the columella is somewhat 
twisted and marked by strong incremental lines. On the inside the 
columella shows a second low rounded fold bordering its anterior 
termination. Aperture auriculate, decidedly channeled anteriorly, the 
outer lip thin, somewhat contracted above the groove posteriorly. 

The type, U.S.N.M. no. 472534, has 12.5 whorls remaining and 
measures: Length, 43.2 mm.; greater diameter, 14.1 mm.; lesser 
diameter, 14.0 mm. It was dredged on Socorro Island, Mexico, in 
7-8 fathoms on sandy bottom, off the landing beach toward the rocky 
point forming the east side of the cove. 


APLYSIA CEDROSENSIS, n. sp. 
Plate 4, figs. 8-10; plate 5 


Animal large, stout, rather broad and high. The color (in alcohol) 
is arranged as follows: The head, the foot, the sides of the body, and 
the exterior of the pleuropodia (or lateral lobes) are black; the 
dorsal area is gray from the rhinophores to the posterior edge of the 
mantle, except for a black area extending posteriorly from between 
the rhinophores for an inch and a half and becoming narrower, and 
a narrow irregular black patch extending along the middorsal line 
anterior to and over the mantle; the interior of the pleuropodia are 
irregularly maculated with black, as is the area about the mouth and 
buccal appendages. The skin is strongly wrinkled, especially the sole 
of the foot, the head regions, and the exterior of the pleuropodia. The 
head bears rather broad, folded buccal appendages. The rhinophores 
or tentacles are elongately conic and noticeably slit. The foot is broad 
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and strongly wrinkled, widening somewhat posteriorly and blunt at 
both ends. The pleuropodia are rather short and well separated in 
front, united posteriorly, forming a wall about the branchial cavity 
and mantle about an inch high. The mantle covers the shell com- 
pletely and has a minute pore in the center. The posterior edge of the 
mantle is somewhat sinused on the right side, with a short erect fleshy 
crest slightly anterior to the sinus. The genital pore is conspicuous, 
slightly crescentic, situated a short distance in front and to the right 
of the anterior edge of the mantle; a marked genital groove runs 
anteriorly from it to below the right buccal appendage. The shell is 
large, thin, chitinous, concave, shieldshape, with a moderately large 
shallow sinus at the top where the edge is slightly thickened and re- 
flexed. A thin deciduous calcareous layer is present on the ventral 
surface. 

Whe type, U.S.N.M. no. 472859, measures: Length, 165, mm. ; 
width, 90 mm.; height, 85 mm. (This is, of course, an alcoholic 
specimen slightly distorted in the process of preserving.) The shell 
measures: Height, 76 mm.; width, 57 mm. It was collected on the 
east side of Cedros Island, Lower California, along the shore to the 
north and south of the cannery. 

This species resembles the Peruvian species Aplysia nigra d’Or- 
bigny in having the lateral lobes united posteriorly, though not to as 
great an extent, and in the posterior edge of the mantle being sinused 
and bearing a fleshy crest. All the species heretofore described from 
North and Central America have the pleuropodia free behind, not 
united. There is no tail visible in our specimen. 


CONUS ROOSEVELTI, n. sp. 
Pilatemi te Sens 7, 


Shell small, spire broadly conic, moderately elevated, sides of the 
main part slightly convex on the posterior two-thirds and slightly con- 
cave on the anterior third. The spire is flesh-colored with dark spots 
between the knobs. The body of the last whorl presents a complex 
color scheme. The general ground color is bright, light chestnut 
brown, with a pale, moderately broad, submedian zone. The low, 
rather broad, spiral cords bear elongated low white tubercles, whose 
long axis coincides with the spiral sculpture. Between these white tu- 
bercles there is usually, but not always, a dark, more or less round, 
chestnut brown spot. The interior of the outer lip is brilliant chestnut 
brown with a yellowish zone below the posterior angle, and a yel- 
lowish submedian band and a series of dark spots near the edge. 
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The early whorls are eroded and so do not reveal their sculpture. 
Those remaining have a series of heavy knoblike tubercles separated 
by spaces about as wide as the knobs, at the shoulder. Of these knobs 
II are present upon the last turn. The summit of the turns is marked 
by 6 low rounded spiral threads which vary in width and are separated 
by well-impressed lines. In addition, the spire is marked by well- 
developed incremental lines. The posterior half of the body of the 
last whorl is marked by rather wide and moderately deep grooves, 
which here separate low rounded spaces of double their width. From 
the middle anteriorly the relative width of the spiral grooves and 
cords changes, 7. e., the cords become narrow and more elevated, while 
the spaces between them widen and appear less incised, but all these 
spaces, whether the narrow incised grooves of the posterior part or 
the wider anterior fields, are crossed by numerous, strongly raised, 
hairlike threads, which extend feebly upon the spiral cords and which 
are more distantly spaced on the posterior portion than on the middle, 
and become decidedly crowded on the anterior third. Fourteen of the 
raised spiral bands are present between the shoulder and the columella. 
The columella bears 7 closely approximated, strong spiral cords. 
Aperture narrow, decidedly channeled anteriorly, scarcely so at the 
posterior angle; outer lip thin. 

The type, U.S.N.M. no. 472854, measures: Length, 15.3 mm.; 
greater diameter, 9.6 mm.; lesser diameter, 8.5 mm. It was collected 
on Clipperton Island on rocks along the shore, south of the landing 
place. Two additional specimens bear U.S.N.M. no. 472549. 

This species is a member of the Conus miliaris complex. It is 
darker than that species, the spiral grooves are more pronounced, 
and the nodulation is heavier. 


CONUS MAGDALENENSIS, n. sp. 
Plate 1, figs. 5, 9 


Shell of medium size, with rather elevated spire with its lateral 
margins slightly concave and the sides almost straight. The narrow 
whorls on the spire are marked by alternating zones of dark brown 
and the, flesh-colored ground color. The body of the whorls carries 
these alternating axial areas to the tip of the columella, but with an 
interruption produced by a spiral band of the ground color which 
encircles the turns almost at the middle between the shoulder and base. 
The dark chestnut-colored areas are in the form of broad fulgurations, 
.some of whose points join those of adjacent zones. They are about 
as wide as the lighter areas separating them. Judging from the rem- 
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nants of the periostracum remaining, the living mollusk has its shell 
covered by a hairy golden coat. The inside of the aperture is bluish 
white, the inner edge of the outer lip showing a series of dark spots 
that have dark brown centers and paler edges. Early whorls eroded. 
The early turns of those remaining have a strong keel on the middle, 
which is produced by the fact that the summit of succeeding turns 
falls anterior to the shoulder. This keel is finely nodulose on the early 
whorls, the nodules gradually disappearing on the later turns. The 
keel itself becomes less marked on the later whorls where the summit 
of the succeeding turns approaches the angulated shoulder. The 
sculpture of the summit of the whorls consists of retractively curved 
incremental lines and some obsolete spiral striations. The sides of the 
last whorl are marked by lines of growth and obsolete spiral lirations, 
which develop into rather strong low spiral cords on the basal third. 
Aperture narrow, decidedly channeled anteriorly and posteriorly ; 
outer lip protracted in the middle. 

The type, U.S.N.M. no. 472521, has 10 whorls remaining and mea- 
sures: Length, 33.6 mm. ; greater diameter, 15.3 mm.; lesser diameter, 
13.7 mm. It was dredged in Magdalena Bay, Lower California, in 
10-15 fathoms on sandy, weedy bottom, at the entrance to the bay 
between Belcher Point and the anchorage. 

This cone is related to Conus regularis Sowerby, from which it is 
distinguished by its higher spire and the light median bands of the 
body whorl. 


MARGINELLA ROOSEVELTY, n. sp. 
Plate 1, figs. 2-3 


Shell large, ovate, shining, dorsal part deep brilliant orange with 
two faint spiral bands of a paler shade, fading to flesh-color with an 
orange flush, on the ventral side. In addition to this, 5 reddish chest- 
nut-colored spots are present, distributed as follows: 1 at the apex, 
1 on the back of the columella a little above the lip, 1 on the middle of 
the base, I, the largest, a little posterior to the middle of the outer lip, 
and the fifth, also strong, halfway between this and the basal spot. 
The outer lip is thickened and white, excepting the 2 spots. Aperture 
narrow, decidedly channeled anteriorly and slightly so at the posterior 
angle. The columella bears 4 oblique folds on its basal two-fifths. 
The entire surface is glassy and devoid of sculpture. 

The type, U.S.N.M. no. 472610, comes from a tide pool at Old 
Providence and measures: Length, 23.0 mm.; greater diameter, 
13.3 mm.; lesser diameter, 11.2 mm. 
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Its large size and dark coloration distinguish it from Marginella 
guttata and allied forms. 


ENGINA EARLYI, n. sp. 
Plate 1, fig. 8 


Shell broadly ovate, blackish chestnut brown, excepting the inter- 
costal spaces, which are chestnut brown; the aperture is of brilliant 
orange color with a dark spot on the upper portion of the columellar 
callus and a more elongate, narrower one on the edge of the middle 
of the columella. Early whorls badly eroded, the later ones with a 
series of humplike nodules that occupy the anterior two-thirds of the 
turns and extend over the base as axial ribs gradually diminishing in 
size toward the tip of the base. Of these humps 8 are present on the 
last turn. In addition to this sculpture, the whorls are marked by 
spiral threads of somewhat variable width and spacing; of these ro 
are present between the summit and periphery on the last turn. The 
base is slightly concave on the left margin and is marked by 5 spiral 
series of knobs which gradually and uniformly diminish in size from 
the periphery anteriorly. These knobs are about as wide as the spaces 
that separate them and are arranged in axial series. The base also 
bears spiral threads, which extend over the knobs and intercostal 
spaces ; rather strong incremental lines are also present. Aperture half 
as long as the shell, elongate pear-shaped, decidedly channeled ante- 
riorly ; outer lip very thick, bearing a weak denticle below the posterior 
angle, and 5 stronger, equally spaced, denticles occupying its middle ; 
the inner lip also bears 3 denticles on its median portion and there is 
also a denticle on the parietal wall a little distance from the outer 
lip. The inner lip extends over half of the columella as a heavy callus, 
which also covers the parietal wall. 

The type, U.S.N.M. no. 472566, has 5.5 whorls remaining and mea- 
sures: Length, 12.5 mm.; greater diameter, 8.4 mm. ; lesser diameter, 
6.3 mm. It, and another specimen, U.S.N.M. no. 472855, were col- 
lected in a tide pool in Sulivan Bay, James Island, Galapagos. It is 
named for Mr. Stephen Early, Secretary to the President. 


NITIDELLA GUTTATA BAILEYI, n. subsp. 
Plate 2) fig. 6 


Shell ovate, turrited, early whorls pale brown, the later dark black- 
ish brown; base chestnut brown. The entire surface is dotted with 
round spots of pale orange. Interior of aperture bluish white with the 


NO. IO MOLLUSKS—BARTSCH AND REHDER 7 


peristome edged with brown. The whorls increase regularly in size 
and are marked only by fine incremental lines, excepting the columella 
which bears g rather strong spiral cords, and 7 fine threads near the 
tip. Aperture ovate, strongly channeled anteriorly; outer lip thick, 
bearing 10 elongated denticles having their long axis parallel with the 
spiral plane. The inner lip partly excavates the columella and parietal 
wall, leaving it as a smooth porcelaneous surface. There is a humpish 
callus on the parietal wall near the posterior angle. 

The type, U.S.N.M. no. 472857, has 11 whorls and measures: 
Length, 13.0 mm.; greater diameter, 5.1 mm.; lesser diameter, 4.4 
mm. It and a series of specimens, U.S.N.M. no. 472586, were col- 
lected in Elizabeth Bay, Albemarle Island, Galapagos. U.S.N.M. no. 
472583 contains 2 specimens collected on Narborough Island, 
Galapagos. 

This form is much darker than the typical Nitidella guttata Sow- 
erby, which comes from Panama. 

This is named for Commander C. A. Bailey, Executive Officer of 
the U.S.S. Houston. 


TRITONALIA (CCINEBRINA) CARIBBAFA, n. sp. 
Plate 1, fig: 1 


Shell small, very elongate-ovate, brown, with the spiral zone of tu- 
bercles above and below the peripheral keel and the 3 median col- 
umellar cords white. Aperture brown within with the external white 
bands marking the peristome; the denticles within the outer lip are 
also white. Nuclear whorls eroded. Postnuclear whorls marked by 
broad low axial ribs, of which 9 are present on the last turn; strong 
incremental lines also cross the whorls. The spiral sculpture consists 
of 3 very strong keels, which grow consecutively stronger from 
the first at the summit anteriorly. These cords pass across the inter- 
costal spaces and the axial ribs, rendering these nodulose at their inter- 
section. The nodules have their long axis coinciding with the spiral 
sculpture. Lesser spiral threads mark the spiral cords and the spaces 
between them. Suture moderately strongly constricted. Periphery 
with a spiral cord as strong as those posterior to it and similarly 
marked. Base short, well rounded with a heavy nodulose spiral cord 
on its middle and the finer sculpture noted for the spire. Columella 
long, somewhat twisted and marked by 2 slender spiral threads near 
its insertion, followed by 3 heavier cords, then a series of finer, more 
closely approximated threads near its tip. All this spiral sculpture is 
rendered roughened by incremental lines. Aperture decidedly chan- 
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neled anteriorly ; outer lip thick, marked at the edge by incremental 
lines bearing 5 denticles within the edge in the expanded portion of 
the aperture ; inner lip appressed to the columella in its posterior half, 
free on the anterior part. Parietal wall glazed with a thin callus except 
near the outer lip where it develops into a low hump. 

The type, U.S.N.M. no. 472617, has a little more than 6 whorls 
remaining and measures: Length, 8.1 mm.; greater diameter, 4.1 
mm.; lesser diameter, 3.4 mm. It was collected on Old Providence 
Island. 


ALVANIA NIGRESCENS, n. sp. 
Plate 2, fig. 5 


Shell minute, elongate-ovate, dark chestnut brown, a little paler on 
the outer and basal lip. Nuclear whorls about 2, well rounded, smooth. 
Postnuclear whorls moderately rounded, marked by strong axial ribs 
which are about as wide as the spaces that separate them and which 
are rendered decidedly tuberculated by the 3 spiral cords at their 
junction. There are 17 of these ribs on the last whorl. The spaces 
enclosed between the axial ribs and spiral cords are rounded pits. 
Suture strongly constricted. Periphery marked by a spinal cord a 
little less strong than those of the spire, bearing feeble tubercles. Base 
well rounded, slightly excavated at the columella and marked by 4 
spiral cords, of which the first below the periphery is stronger than 
the rest, which are of equal strength. In addition to this, the entire 
base is marked by incremental lines. Aperture subcircular. Peristome 
double; the outer is present only on the outer and basal lip, thick and 
marked by concentric striations ; the inner is slightly exserted. 

The type, U.S.N.M. no. 472621, has 5.5 whorls and measures: 
Length, 3.1 mm.; diameter, 1.5 mm. 

_It was collected in a tide pool on Old Providence Island. 


PEASIELLA ROOSEVELTI, n. sp. 
Plate 2, figs. 1-3 


Shell small, broadly conic, with zigzag axial bands of blackish 
brown, alternating with bluish white bands of the same width. These 
bands terminate at the periphery in large alternating light and dark 
spots. The base is marked by a broad band of alternating dark and 
light spots adjoining the periphery and 2 similar bands on the keels ; 
in the middle one, however, the light areas are feebly tinged with 
brown. The columellar region is also pale brown. The interior of the 
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outer lip is brown variegated at the edge with light spots, which coin- 
cide with the external light areas. There is a broad light-spotted zone 
on the inside of the basal lip and a light spot at the base of the 
columella. Nuclear whorls 2, too eroded to show sculpture. Post- 
nuclear whorls strongly rounded, marked by 4 strong spiral keels, of 
which the first is a little below the summit and the fourth at the 
periphery, the other 2 dividing the whorls into equal spaces. These 
keels are feebly tuberculated. Of these tubercles, 12 are present upon 
the last whorl. In addition to this the entire surface of the whorls is 
marked by fine equal and equally closely spaced spiral threads, 47 of 
which are present between the summit and the periphery on the last 
whorl. Suture moderately impressed. Periphery strongly keeled. 
Base short, moderately convex, openly umbilicated and marked by 3 
strong spiral keels that divide it into 4 equal areas, the fourth consti- 
tuting the umbilicus. The 2 posterior keels are broad and rounded ; 
the third, which borders the umbilicus, is sharp and more elevated. 
The entire base is also marked by spiral threads, of which about 35 
are present between the periphery and the umbilical keel. On the base 
the incremental lines are a little more strongly developed than on the 
spire and furnish in combination with the spiral threads a suggestion 
of a reticulated pattern. The umbilical wall is marked by lines of 
growth only. Aperture broadly ovate ; outer lip very strongly arched, 
thin at the edge, posterior half of columella straight, flattened, and 
decidedly expanded and flattened on the outer half. The parietal wall 
is covered by a thin callus. 

The type, U.S.N.M. no. 472575, has 4.5 whorls and measures: 
‘Length, 3.2 mm.; greater diameter, 3.0 mm. It was collected in a tide 
pool in Sulivan Bay, James Island, Galapagos. 


LITTORINA SCHMITTI, n. sp. 
Plate 2, fig. 4 


Shell broadly ovate with sharply pointed apex. The ground color is 
blackish chestnut with narrow spiral lines of white marking the 
grooves and more or less zigzag axial lines of white. On the base 
the white spiral lines are also present and white axial lines produce 
a checkerboard pattern. The outer edge of the columella is bright 
chestnut brown, a suffusion of which covers the parietal wall. The 
deep portion of the posterior half of the columella and the deep callus 
on the anterior half of the parietal wall are porcelain white with faint 
chestnut suffusion at the edge. The inside of the outer lip is marked 
by alternate spiral zones of dark chestnut brown separated by whitish 
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lines. Nuclear whorls exceedingly small, apparently smooth. The 
early postnuclear turns have 4 deep spiral grooves, which are of equal 
width and which separate the intervening spaces into 5 equal rounded 
cords, the first of which is at the summit. On the succeeding turns 
the incised spiral lines become less strong, and the spaces between 
them are broad, slightly rounded zones. Of these incised spiral 
grooves, 6 are present between the summit and the suture on the last 
whorl, and 4 more between the suture and the basal angle. In addition 
to this the whorls are marked by fine incremental lines and closely 
crowded microscopic spiral striations. Suture moderately conspicuous. 
Periphery obtusely angulated. Base marked by 8 equal and equally 
spaced incised spiral lines and the continuations of the same finer 
sculpture mentioned for the spire. Aperture broadly ovate, somewhat 
effuse at the junction of the basal lip and columella, and decidedly 
acute at the posterior angle ; outer lip strongly arched and thin. Oper- 
culum moderately thin, corneous, having a little more than 3 whorls 
with excentric nucleus marked by fine incremental lines. 

The type, U.S.N.M. no. 472547, a male, has 7.4 whorls and mea- 
sures: Length, 11.8 mm.; greater diameter, 8.2 mm.; lesser diameter, 
6.5 mm. It, anda series of specimens, U.S.N.M. no. 472546, were col- 
lected at Clipperton Island‘on rocks at the shore south of the landing. 

This species presents sexual dimorphism, the females being much 
larger. Large old specimens are usually badly eroded and fail to show 
the splendid color pattern displayed in the type. A large female has 
5.3 whorls and measures: Length, 18.2 mm.; greater diameter, 11.8 
mui. ; lesser diameter, 10.5 mm. 

This species is related to the Hawaiian Littorina pintado Wood, but 
is easily distinguished from this by its darker color and by having the 
spiral grooves less deep and more distantly spaced. 

It is named for Dr. Waldo L. Schmitt, its discoverer. 


HIPPONIX FIMBRIATA, n. sp. 
Plate 2, figs. 7-9 


Shell cup-shaped, 7. e., irregularly broadly conic, pale yellow, cov- 
ered by a pale golden-yellow, much fimbriated periostracum. Interior 
porcelain white. The nucleus is very small consisting of a little more 
than 1 whorl, which is well rounded and microscopically granulose. 
The postnuclear part increases very rapidly in size and loses its coil- 
ing, forming a broadly flaring cuplike structure, whose exterior is 
marked by a series of concentric lamellae, whose edges are more or 
less free and somewhat fimbriated. The ventral margin, 7. e., peri- 
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stome, is rather broad with concentric lines. The interior is smooth, 
except the well-impressed muscle scar. 

The type, U.S.N.M. no. 472853, measures: Length, 5.5 mm.; 
greater diameter, 11.5 mm.; lesser diameter, 9.9 mm. It, and a series 
of specimens, U.S.N.M. no. 472551, were collected on Clipperton 
Island on rocks along the shore south of the landing place. 

The basal aspect of this species recalls Hipponix serrata of the 
western United States shores, but this has the lamellations more 
crowded and more irregular and lacks the radial sculpture of that 
species. 


TEGULA (CHLOROSTOMA) BARKER], n. sp. 
Plate 2, figs. 10-12 


Shell small, broadly conic, of blackish brown ground color, with 
numerous dots of bluish white on the spiral cords and 6 distantly 
spaced, oblique axial zones of bluish white on the last whorl, which 
are of irregular outline and extend from the summit to the periphery. 
On the base the spiral cords are marked by alternate elongate zones of 
light and dark, which are also arranged in a somewhat axial series. 
The spaces between the spiral cords and the immediate area near the 
umbilicus on the base are pale. The columella and parietal callus are 
strikingly bright jade green, and the interior of the outer lip is pearly 
gray. Nuclear whorls badly eroded. Postnuclear whorls well rounded, 
marked by strong, well-rounded and elevated cords, of which 4 are 
present upon the first, 5 upon the second, 7 upon the third, and 8 upon 
the last between the summit and the periphery. The cords, as well as 
the deep spaces that separate them, are marked by numerous, closely 
spaced hairlike, retractively slanting, axial threads, which are best 
shown in the grooves. Suture somewhat channeled. Periphery well 
rounded. Base moderately convex, openly umbilicated and marked by 
Ir spiral cords which are not quite equal or equally spaced ; here also 
the fine axial threads are present. The umbilical wall is smooth ex- 
cepting a submarginal spiral cord. Aperture subcircular, decidedly 
oblique; the strongly arched outer lip is rendered crenulated by the 
external sculpture; the inner lip is decidedly sinuous and bears a 
double denticle at the base of the columella; a lesser one is present a 
little anterior to these on the basal lip. 

The type, U.S.N.M. no. 472589, has 5.2 whorls and measures: 
Length, 7.4 mm. ; greater diameter, 9.4 mm. ; lesser diameter, 7.7 mm. 
It and a little older specimen, U.S.N.M. no. 472856, were collected at 
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Elizabeth Bay, Albemarle Island, Galapagos. The larger specimen 
measures: Length, 8.6 mm.; greater diameter, 10.7 mm.; lesser 
diameter, 9.2 mm. 

This species is related to Tegula (Chlorostoma) snodgrassi Pilsbry 
and Vanatta, which comes from Albemarle Island. It is, however, 
more depressed and of darker color with fewer light zones. 

It is named for Capt. G. N. Barker, of the U.S.S. Houston. 


PHLYCTIDERMA, n. subgen. 


Shell similar to Entodesma but anteriorly more narrow, with the 
anterior half of the ventral margin more sinuous, and with surface 
sculptured with very fine, radially arranged, white pustules which 
become obsolete toward the margins. | 

Type.—Lyonsia (Phlyctiderma) lucasana, new species. 


LYONSIA (PHLYCTIDERMA) LUCASANA, n. sp. 
Plate 4, figs. 1-3 


Shell of medium size, elongate, inflated, ventrally gaping, ante- 
riorly subrectangular, posteriorly broader and more rounded. The 
anterior end is inflated and blunt, the area anterior to and below the 
umbones being somewhat concave. The umbones are rather promi- 
nent and almost terminal, and the anterior end from the umbones 
to the anterior ventral angle is about straight. The ventral margin is 
strongly sinuous anteriorly. The surface is white, covered with a thin 
pale brown periostracum arranged anteriorly in irregular vertical 
stripes coalescing posteriorly into a more solid patch; the whole sur- 
face is covered with radially arranged fine white tubercles evanescent 
toward the margins. The grosser sculpture consists of rounded con- 
centric ridges crossed posteriorly by a few distant, low radial ridges 
occasionally bifurcating ; toward the posterior and ventral margin the 
sculpture becomes rather irregular. Interior pearly, with an oval 
anterior muscle scar and a bipartite posterior muscle scar, the lower 
part being larger and suborbicular. Hinge teeth lacking; a narrow 
shelf for the ligament is present just below the dorsal edge posterior 
to the umbones. 

The type, U.S.N.M. no. 472526, a single left valve, measures: 
Height, 9.9 mm.; length, 18.5 mm. It was dredged in 6-10 fathoms 
off Punta Gorda, Cape San Lucas, Lower California, Mexico. 

This species seems closest in general appearance to Lyonsia (Ento- 
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desma?) picta Sowerby described from the Isla Muerte, Ecuador, but 
the color markings of this species are black on a brown base. Whether 
this species has the granular sculpture is not known. 


CHAMA RUBROPICTA, n. sp. 
Plate 3, figs. 6-10 


Shell small, suborbicular, the left valve sessile and sharply angu- 
late so that the anterior part is affixed to the substratum, and the 
posterior part rises vertically from the base. The left valve is dis- 
tantly lamellose and fimbriated where it is attached; the rest of the 
surface shows.irregular, discontinuous vertical ridges which are of an 
orange-scarlet color on a ground which is of a very pale pinkish blush, 
except near the base, where it is white ; there are also present scattered 
lamellose spines. The right valve is slightly convex, closely fimbriately 
lamellose, with occasional semitubular or lamellose spines, and of a 
general scarlet color, except near the anterior dorsal edge, where it is 
white. The interior of the right valve is vivid scarlet, except for a 
white anterior portion; the left valve is white inside with a narrow 
pale orange-scarlet stripe running from the umbonal region to the 
dorsal edge. The left valve has a rather short stout cardinal tooth 
which is grooved on the dorsal edge; the right valve has a somewhat 
longer, narrower cardinal. The ligament is posterior to the umbones, 
slender and curved. The margins of both valves are denticulate, and 
the affixed portion of the left valve shows crowded low radial grooves 
which terminate at the marginal crenulations. 

file oty pom Urls NEN nos 472553, measures: “eight, 1h mia. ; 
length, 9.1 mm. It was collected on rocks to the south of the landing 
place on Clipperton Island. 


CTENA CLIPPERTONENSIS, n. sp. 
Pilate 3) figs) 1-5 


Shell white, broadly transversely oval to subcircular, moderately 
inflated, with the umbones prominent and anterior to the middle. The 
anterior end is slightly flattened, the posterior end broadly rounded. 
Lunule broadly ovate. The sculpture consists of a few, closely 
spaced, rounded radial riblets, crossed by crowded concentric rounded 
lamellae, which render the riblets nodulose; the radial and concentric 
sculpture is of equal strength and is only brought out clearly under 
magnification. The interior is white with the muscle scars well de- 
fined, the anterior one being suborbicular, the posterior one elongate 
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and subcrescentic. The ligament is rather stout and lies in a deep 
groove which runs from the umbones halfway to the anterior end. 
The hinge of the left valve consists of a stout cardinal with a much 
smaller cardinal posterior to it and partly fused with the dorsal 
margin; there is a stout pointed posterior lateral and a smaller ante- 
rior lateral, both separated from the margin of the shell by more or 
less deep grooves. The right valve has a short cardinal with a smaller 
one anterior to it and partly fused to the ligamental nymph; the 
laterals are paired, the larger pointed one on the inside, and the 
smaller one near the margin, the two separated by a deep groove; the 
posterior laterals are somewhat stouter than the anterior ones. 

The type, U.S.N.M. no. 472552, measures: Height, 13.7 mm.; 
length, 14.7 mm.; diameter, 7.8 mm. It was collected on Clipperton 
Island, on rocks to the south of the landing place. 

This species differs from the Hawaiian Ctena bella Conrad and 
its Pacific analogs by being not as orbicular and by possessing far less 
conspicuous sculpture, both the radial and concentric sculpture being 
lower, more obscure, and of equal strength. 


BRACHIDONTES MULTIFORMIS HOUSTONIUS, n. subsp. 
Plate 4, figs. 4-7 


Shell small, inflated, elongately triangular, the umbones anterior, 
terminal, the dorsal margin straight, slightly compressed, the ventral 
side broad and somewhat concave, the posterior portion broad and 
rounded. The color is deep blackish purple, except for the ventral 
side and for some distance posterior to the umbones, where the shell 
is yellowish olive green. The prodissoconch is a smooth, elongate, 
rectangular purplish shell. Following this the shell is ornamented 
with many fine radial riblets separated from each other by spaces as 
wide as the riblets, and crossed by finer concentric lirae, which render 
the ribs distinctly nodulose in the earlier half of the shell’s growth; 
in the later half the spiral sculpture becomes more or less obscure 
and the radial ribs consequently lose their pronounced nodulousness. 
The interior is a purplish blue, except toward the ventral margin, 
where it is bluish white. At the anterior end are two purple tubercles, 
the upper one considerably larger than the lower one. The dorsal 
margin is strongly denticulate, the denticulations increasing in size 
toward the posterodorsal angle. The anterior part of the ventral 
margin, and the posterior margin are crenulated by the ends of the 
radial ribs. The ligament lies on a long, rather deeply situated shelf. 

The type, U.S.N.M. no. 472858, measures: Height, 5.9 mm.; 
length, 8.9 mm.; diameter, 4.9 mm. It, and three other specimens, 
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U.S.N.M. no. 472580, were collected along the shore in Sulivan Bay, 
James Island, Galapagos Islands. 

This is the finely sculptured race that inhabits the Galapagos Is- 
lands, the typical Brachidontes multiformis Carpenter from Panama 
being more coarsely sculptured. 


Cedros Island, Lower California, Mexico. 


Collections were made on the east side of the island, along the 
shore, north and south of the cannery, July 17, 1938. 


Aplysia cedrosensis, new species 

Littorina planaxis Philippi 

Acmaea limatula Carpenter 

Nuttalina fluxa Carpenter 

Brachidontes stearnsianus Pilsbry and Raymond 


Magdalena Bay, Lower California, Mexico. 


The specimens were dredged inside the north point of the entrance 
to the bay, between Belcher Point and the anchorage in 10-15 
fathoms on sandy, weedy bottom, July 18, 1938. 


Conus magdalenensis, new species 
Strombina gibberula Sowerby 
Crucibulum spinosum Sowerby (young) 
Crepidula arenata Broderip 

Crepidula nummaria Gould 

Lucapinella callomarginata Carpenter 
Transenella puella Carpenter 
Laevicardium elenense Sowerby 


Cape San Lucas, Lower California, Mexico. 


The specimens were dredged off Punta Gorda in 6-1o fathoms, 
and in San Jose del Cabo Bay, July 19, 1938. 


Fissurella rugosa Sowerby 

Lyonsia (Phlyctiderma) lucasana, new species 
Tivela delesserti Deshayes 

Chama corrugata Broderip 

Cardita affinis Sowerby 

Septifer cumingu Dunker 


Socorro Island, Mexico. 


Collections were made along shore at the landing place in Braith- 
waite Bay, July 20, 1938. 


Bulla punctulata A. Adams 
Terebra rooscvelti, new species 
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Olivella dama Mawe 

Nitidella guttata Sowerby 

Cerithium uncinatum Gmelin 

Cerithium gemmatwn Hinds 

Cardita crassicostata Valenciennes? (young) 
Tivela delesserti Deshayes (young) 

Chione undatella Sowerby 

Cardium pristipleura Dall (young) 

Melina janus Carpenter 


Clipperton Island, Pacific Ocean. 





Collections were made on the rocks to the south of the landing 
place, July 21, 1938. 


Opeas oparanum Pfeiffer 

Conus roosevelti, new species 
Morula nodus Bory St. Vincent (young) 
Magilus robillardi Lienard 

Drupa vicina Linné 

Hipponix fimbriata, new species 
Hippomx barbata Sowerby 
Littorina schmitti, new species 
Nerita plicata Linné 

Ctena clippertonensis, new species 
Chama rubropicta, new species 
Acar species? (young) 


James Island, Galapagos Islands. 


Collections were made along shore and in tide pools in Sulivan Bay, 
july4e 638. 


Onchidella steindachneri Semper 
Conus nux Broderip 

Persicula phrygia Sowerby 
Alvama duncani Bartsch 
Rissoina species? (young) 
Engina species? 

Engina earleyi, new species 
Engina panamensis Bartsch 
Latirus tuberculatus Broderip 
Cantharus ringens Wood 
Cantharus sanguinolentus Duclos 
Coralliophila costata Blainville? (young) 
Coralliophila parva E. A. Smith 
Purpura columellaris Lamarck 
Purpura patula Linné 

Purpura crassa Blainville 
Vermetus species (fragment) 
Cerithium adustum Kiener 
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Peasiella roosevelti, new species 

Hipponix barbata Sowerby 

Cheilea corrugata cepacea Broderip 

Melina quadrangularis Reeve 

Brachidontes multiformis houstonius, new subspecies 
Septifer cwmingianus Dunker 

Barbatia reeveana d’Orbigny 


Narborough Island, Galapagos Islands. 


Collections were made along the shore, July 25, 1938. 


Nitidella guttata baileyi, new subspecies 
Columbella fuscata Sowerby 
Columbella castanea Sowerby 
Cerithium adustum Kiener 


Albemarle Island, Galapagos Islands. 


Shells taken from the anchor chain in Tagus Cove, in 50 fathoms, 
July 26, 1938. 


Fusinus dupetitthouarsi Kiener (young) 


Albemarle Island, Galapagos Islands. 


Collections were made in Elizabeth Bay at the south end of the black 
beach, north of the mangroves, north of the two “red” islands, July 


26, 1938. 


Onchidella steindachnert Semper 

Bulla sp. (broken) 

Columbella castanea Sowerby 

Nitidella guttata baileyi, new subspecies 

Purpura columellaris Lamarck 

Purpura patula Linné 

Tegula (Omphalius) cooksom E. A. Smith 

Tegula (Chlorostoma) snodgrassi Pilsbry and Vanatta 
Tegula (Chlorostoma) barkeri, new species 

Chiton (Radsia) sulcatus Wood 


Charles Island, Galapagos Islands. 


The specimens were collected by the crew along the shore of Post 


Office Bay, July 27, 1938. 


Bulimulus (Naesiotus) ustulatus Sowerby 
Bulimulus (Naesiotus) nux Broderip 
Conus diadema Sowerby 

Conus purpurascens Broderip 

Purpura patula Linné 

Chiton (Radsia) goodallii Broderip 
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Cocos Island, Costa Rica. 


Bottom sample, Chatham Bay, August 3, 1938. 


Marginella minor C. B. Adams 
Lithophaga attenuata Deshayes 


Old Providence Island. 
The specimens were dredged in 7-8 fathoms, August 6, 1938. 


Columbella mercatoria Linné 
Murex (Phyllonotus) pomum Gmelin 
Strombus gigas Linné (young) 
Modulus modulus Linné 

Cerithium algicola C. B. Adams 
Cerithium literatum Born 

Alaba tervaricosa C. B. Adams 
Tegula (Omphalius) fasciata Born 
Astraea brevispina Lamarck 
Astraea longispina Lamarck 

Ctena orbiculata Montagu (young) 
Trachycardium muricatwm Linné 
Navicula zebra Swainson (young) 


Old Providence Island, Caribbean Sea. 


Shore, reef, and tide-pool collecting, August 6, 1938 


Marginella (Volvaria) avena Kiener 
Marginella roosevelti, new species 
Anachis pulchella Biainville 
Columbella mercatoria Linné 
Nassarius consensa Ravenel 
Tritonalia (Ocinebrina) caribbaea, new species 
Purpura deltoidea Lamarck 

Strombus costatus Gmelin 

Strombus gigas Linné 

Alvania nigrescens, new species 
Rissoina dubiosa C. B. Adams 
Hipponix antiquata Linné 

Cerithium minimum Gmelin 
Cerithium algicola C. B. Adams 
Tegula (Omphalius) fasciata Born 
Tegula (Chlorostoma) indusit Gmelin 
Astrea longispina Lamarck 

Livona pica Linné 

Chama macerophylla Gmelin 

Pinna carnea Gmelin 

Isognomon listera Hanley 

Acar conradiana adamsi E. A. Smith 
Navicula umbonata Lamarck (young) 
Barbatia barbata Linné 
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NEw SPECIES OF MOLLUSKS 


1, Tvitonalia (Ocinebrina) caribbaea, x 4. 6, Terebra roosevelti, xX 2. 
2-3, Marginella roosevelti, x2. >, Conus roosevelti, 4. 

4, Conus roosevelti, x4. 8, Engina earlyi, X4. 

5, Conus magdalenensis, X 2. 9, Conus magdalenensis, 2 





NEw SPECIES OF 
eastella roosevelti, 
Attorina sch mitts, 


MOLLUSKS 
2 xX Io, » Nitidella guttata baileyi, x 4. 
x 4. 7-9, Hipponix fimbriata, x 4 
» Alvania nigrescens, » LO. 1 


10-12, Tegula (Chlorostoma) bark 


Shy 


6 


Ch Ae 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL. 98, NO. 10, PL. 3 





10. 


NEw SPECIES OF MOLLUSKS 


1-2, 4-5, Ctena clippertonensis, 2. 


3, Ctena clippertonensis, detail of sculpture, 
6-10, Chama rubropicta, X4. 


xX Io. 
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NEw SPECIES OF MOLLUSKS 


1-2, Lyonsia (Phlyctiderma) lucasana, x2. 
3, Lyonsia (Phlyctiderma) lucasana, detail of sculpture, X10. 
4-7, Brachidontes multiformis houstonius, n. subsp., x4. 


S-10, Aplysia cedrosensis, shell, natural size. 
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NEw SPECIES OF MOLLUSKS 


Aplysia cedrosensis, natural size. 
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ECHINODERMS (OTHER THAN HOLOTHURIANS) 
COLLECTED ON THE PRESIDENTIAL 
CRUISE OF 1938 


By AUSTIN H. CLARK 
Curator, Division of Echinoderms, U. S. National Museum 


(With Five PLAtEs) 


During the cruise of the U.S.S. Houston with President Roosevelt 
on board in the summer of 1938 Dr. Waldo L. Schmitt, who partici- 
pated in the expedition as Naturalist, obtained specimens of 23 species 
of echinoderms other than holothurians. Although small, this collec- 
tion is remarkable in including three new species, as well as repre- 
sentatives of several very rare species. 

From Clipperton Island come numerous specimens of a curious 
small ophiuran that appears to be identical with one described from 
Mer in the Murray Islands, Torres Strait, by Dr. Hubert Lyman 
Clark in 1915 under the name of Ophiocoma parva. In 1921 Dr. Clark 
compared Ophiocoma parva with the 6-armed young of the West 
Indian O. pumila, which it very closely resembles. He said it seems 
probable that O. parva is the young of a larger 5-armed species. 

The discovery of O. parva on Clipperton Island, where, as in Torres 
Strait, no species related to O. pumila is known to occur, led to an 
examination of the relationships between O. parva, and a related 
species from the Galapagos Islands, with O. pumila. . 

It was found that these species are closely related to the 6-armed 
individuals assumed to be the young of O. pumila, But these 6-armed 
individuals show such marked differences from 5-armed O. pumula 
of approximately the same size that they certainly cannot represent 
the same species. 

I have, therefore, segregated Ophiocoma parva, the related species 
from the Galapagos Islands, and the related species from the West 
Indies hitherto assumed to be the 6-armed young of O. pumila, in the 
new genus Ophiocomella, a genus closely allied to, though apparently 
quite distinct from, Ophiocoma. 
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The species recorded in the following pages are listed below; the 
four herein described as new are given in small capitals. 


Ophiomyxa flaccida Ophioderma appressa 
Amphiodia violacea Echinaster parvispinus 
Amphipholis squamata Heliaster cumingit 
Ophiactis simplex Sclerasterias, sp. 

Ophiactis savignyi Eucidaris thouarsit 
Ophiothrix 6rstedii HESPEROCIDARIS HOUSTONIANA 
Ophiothrix galapagensis Lytechinus semituberculatus 
Ophiocoma scolopendrina Caenocentrotus gibbosus 
Ophiocomella parva Echinometra lucunter 
OPHIOCOMELLA CARIBBAEA Echinometra insularis 
OPHIOCOMELLA SCHMITTI Encope perspectiva 
OPHIONEREIS ROOSEVELTI Encope micropora 


Of the new species three are from the Galapagos Islands; the 
fourth, Ophiocomella caribbaea, heretofore regarded as the 6-armed 
young of Ophiocoma pumila, is from the West Indies. 

Dr. Hubert Lyman Clark has been so kind as to give me his opinion 
on the status of Hesperocidaris houstoniana and the three species of 
Ophiocomella, and Prof. Walter K. Fisher was so good as to examine 
the specimen listed as Sclerasterias, sp. 


OPHIUROIDEA 
OPHIOMYXA FLACCIDA (Say) 


Locality—Old Providence Island, 120 miles east of the Mosquito 
Coast (lat. 13° 21’ N., long. 81° 22’ W.); shore; reef and tide-pool 
collecting ; August 1, 1938. Two specimens (U.S.N.M. no. E.5612). 


AMPHIODIA VIOLACEA (Liitken) 
Locality.—Cocos Island: Chatham Bay; from a bottom sample ; 
August 3, 1938. One specimen (U.S.N.M. no. E.5626). 
AMPHIPHOLIS SQUAMATA (Delle Chiaje) 


Locality —Lower California: Cedros Island; about one-quarter of 
the way from the shore to the anchorage; from a bottom sample in 
24-25 fathoms (44-46 m.) ; July 17, 1938. One specimen (U.S.N.M. 
no. E.5629). 


OPHIACTIS SIMPLEX (LeConte) 


Locality.—Lower California: Magdalena Bay; 10-15 fathoms (18- 
27 m.) ; July 18, 1938. One specimen (U.S.N.M. no. E.5628). 
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OPHIACTIS SAVIGNYI (Miller and Troschel) 


Localities —Clipperton Island; shore collecting on rocks south of 
landing place; July 21, 1938. Five specimens, all with 6 arms, taken 
with Ophiocomella parva (U.S.N.M. no. E.5631). 

Galapagos Islands: Sulivan Bay, James Island; shore and tide-pool 
collecting ; July 24, 1938. One specimen with 6 arms (U.S.N.M. no. 
E.5627). 

Galapagos Islands: Narborough Island; shore collecting ; July 25, 
1938. One specimen with 6 arms, taken with Ophiocomella schmitti 
(U.S.N.M. no. E.5641). 


OPHIOTHRIX ORSTEDII Liitken 


Locality.—Old Providence Island, 120 miles east of the Mosquito 
Woast (lat. 13°21 N., long. 81°22 W.); shore; reef and tide-pool 
collecting ; August I, 1938. Three specimens (U.S.N.M. no. E.5615). 


OPHIOTHRIX GALAPAGENSIS Liitken and Mortensen 
Plate 1, figs. 5, 6 


Localities —Galapagos Islands: Sulivan Bay, James Island; shore 
and tide-pool collecting; July 24, 1938. Ten specimens (U.S.N.M. 
nos. E.5613, E.5614, E.5630). 

Galapagos Islands: Elizabeth Bay, Albemarle Island; south end of 
the black beach north of the mangroves north of the two “red”’ 
islands ; July 26, 1938. Nine specimens (U.S.N.M. no. E.5642). 

Notes—lIn the specimens from James Island the disk is from 2.3 
to 11.2 mm. in diameter, and the arms are from about 7 to about 55 
mm. long. 

In the specimen with the disk 2.3 mm. in diameter the central 
portion of the disk is occupied by a large circular central plate that is 
bare except for 5 stumps ending in 3 long divergent points inter- 
radially placed near the periphery. The exposed portion of the 
radials is relatively smaller than in larger examples, the radial shields 
extending only about half way from the periphery of the disk to the 
center, and each radial shield bears 5-8 stumps with triradiate ends 
resembling those borne on the small plates covering the remainder of 
the disk. At the base of the arm there are 6 arm spines, the number 
soon falling to 5 and later to 4; on the third and following arm combs 
the lowest spine is in the form of a hook, these hooked spines 
becoming very large in the outer portion of the arms. 
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In the largest specimen there are II arm spines just beyond the disk, 

the number soon falling to 8, later to 7, and then to 6 or 5. On the arm 
combs beyond the sixth-eighth the lowest spine is in the form of a 
hook. 
The largest specimens from Albemarle Island have the disk 15 mm. 
in diameter and the arms 80 mm. long. Some are entirely blackish. 
In others the arms are narrowly banded with white on about every 
fourth upper arm plate, and the disk, except for the extreme edge, 
may be light or even cream-white. 


OPHIOCOMA SCOLOPENDRINA (Lamarck) 


Locality Clipperton Island; shore collecting on rocks south of 
landing place; July 21, 1938. One specimen (U.S.N.M. no. E.5619). 

Notes.—In this specimen the disk is about 20 mm. in diameter and 
the arms are about 105 mm. long. The color above is uniform blackish 
brown, below the same, each under arm plate with a low white triangle 
of which the long base coincides with the proximal edge of the plate 
and the apex reaches nearly half way to the distal edge. These white 
triangles gradually decrease in size and disappear after about a dozen 
under arm plates. The proximal lower arm spines are tipped and 
sometimes longitudinally striped with white, and the mouth papillae 
are broadly tipped with white. The madreporic plate has a large 
white oval spot of which the outer end touches the distal border. 


OPHIOCOMELLA, n. gen. 


Diagnosis.—A genus of Ophiocomidae in which the included species 
are of small size, with the disk up to 5 mm. in diameter ; the arms are 
6 or 7 in number, from 3.25 to 5 times as long as the diameter of the 
disk ; the disk is finely plated, shows very small and widely separated 
radial shields, and bears numerous scattered stout spinules that are 
from two to three times as long as thick, or even longer ; and the arm 
spines are 4, subequal, or the uppermost the longest and the lowest 
the shortest, becoming 3 at the arm tips. 

Genotype.—O phiocomella caribbaea, n. sp. 

Included species —Ophiocomella parva (H. L. Clark), O. caribbaea, 
n. sp., and O. schmuitti, n. sp. 

Range.—Known from Mer Island, Torres Strait, Clipperton Island, 
the Galapagos Islands, and the West Indies. Littoral. 

Affinities—The genus Ophiocomella appears to be closely related 
to that section of the genus Ophiocoma including O. pumila from the 
Caribbean Sea and tropical west Africa, O. alexandri from the west 
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coast of Central America, and O. valenciae from the east coast of 
Africa and the Mascarene Islands. It is distinguished from this group 
of species by the possession of 6 or 7 arms; the occurrence on the disk 
of short stout spinules with usually pointed ends instead of elongated 
granules; by the occurrence of 2 tentacle scales (when present) 
on the first tentacle pore only ; by the shape of the oral shields; and 
by the close approximation, or contact, of the adoral shields. The arm 
spines in preserved specimens of the species of Ophiocomella almost 
invariably stand out approximately at right angles to the arm, as in 
O phiactis. 


KEY TO THE SPECIES IN THE GENUS OPHIOCOMELLA 


a’. Spinules on upper surface of disk small and closely set, about 100 to each 

square millimeter (Torres Strait; Clipperton Island)..parva H. L. Clark. 

a’. Spinules on upper surface of disk coarser and more scattered, not more than 
60 to each square millimeter 

b*. Spinules numerous, about 50-60 to each square millimeter, rather short 

and stout, mostly about twice as high as thick or rather lower, with 

“ustallvyenoundeds tips (Vest Indies) pace cecmeec ete caribbaea, n. sp. 

b*. Spinules relatively few, about 30-35 to each square millimeter, longer and 

more slender, mostly 3-4 times as long as thick with pointed ends 

(Galapagosplslands) meee cae otic fico ns ee cree ein schmitti, n. sp. 


OPHIOCOMELLA PARVA (H. L. Clark) 
Plate i, figs 2 


Locality Clipperton Island; taken in shore collecting on rocks 
south of the landing place; July 21, 1938. Forty-two specimens 
(U.S.N.M. nos. E.5639, E.5640). 

Notes—Of the 42 specimens collected, 39 have 6, and 3 have 7 
arms. In the largest specimens the disk is 5 mm. in diameter and the 
arms are 17 mm. long. 

In a number of specimens of different sizes the 3 arms on one side 
are from slightly to much smaller than the 3 arms on the other side, 

indicating that division takes place at various ages, and suggesting 
that it may occur more than once. 

The radial shields are visible as small, narrow, elongate, widely 
separated plates, one on either side of the arm bases. 

The first tentacle pore has usually a single tentacle scale, though in 
each individual one or more of these pores have 2 tentacle scales. 

The adoral shields almost or quite meet beyond the inner end of the 
mouth shields. 
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The color in alcohol is white, the aboral side of the disk some- 
times faintly tinged with green; the disk shows a brownish yellow 
patch at the base of each arm, and more or less coarse irregular 
mottlings of the same color; the arms are frequently and narrowly 
banded with brownish yellow, the bands occupying usually about 2 
upper arm plates and being separated by usually I or 2 upper arm 
plates. 

With these specimens of Ophiocomella parva were five specimens 
of Ophiactis savignyt. 

Remarks.—Dr. Hubert Lyman Clark, to whom I sent one of these 
specimens of Ophiocomella parva for examination, writes that he is 
confident it is nothing but a young specimen of Ophiocoma alexandri. 
There is no evidence that Ophiocoma alexandri occurs at Clipperton 
Island and, indeed, such occurrence is quite unlikely, for O. alexandri 
has never been found in any locality inhabited by O. scolopendrina. 

The National Museum possesses a young specimen of Ophiocoma 
alexandri with the disk about 2.3 mm. in diameter and the arms about 
g mm. long, and another with the disk 3.6 mm. in diameter and the 
arms about 15 mm. long, both collected by John Xantus at Cape San 
Lucas, Lower California (U.S.N.M. 1171). Both of these, which are 
considerably smaller than the largest specimens of Ophiocomella 
parva, have 5 arms, and they differ markedly from the specimens 
identified as that species. 

In young Ophiocoma alexandri the granules on the disk are much 
coarser than they are in Ophiocomella parva, and are shorter with 
more swollen sides and more broadly rounded tips. Very small radial 
shields are visible, more or less concealed by one or more granules. 

In young Ophiocoma alexandri the upper arm plates are more 
fan-shaped than in Ophiocomella parva—that is, they have straighter 
proximally convergent sides. 

In Ophiocoma alexandri the arm spines are longer than in Ophioco- 
mella parva, especially beyond the bases of the arms, and less rapidly 
tapering, and those on the proximal arm combs are less strongly 
flattened. The combs just beyond the disk in young Ophiocoma alex- 
andri have usually 5 spines, those following 4, and those in the outer 
portion of the arms 3. In Ophiocomella parva the combs never have 
more than 4 arm spines. 

The first two tentacle pores in young Ophiocoma alexandri have 
each 2 tentacle scales ; in Ophiocomella parva the second and following 
pores have a single tentacle scale, and the first has usually a single 
scale, though sometimes 2. 
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The mouth shields in young Ophiocoma alexandri are broadly egg- 
shaped and about as long as the greatest (distal) width; in Ophioco- 
mella parva they are rhombic with slightly rounded angles, and only 
half again as long as the greatest (median) width. 

In young Ophiocoma alexandri the side mouth shields are widely 
separated from each other instead of being almost or quite in contact 
as in Ophiocomella parva. 

Dr. Clark did not compare the specimen sent him with his specimens 
of O. parva from Torres Strait, and the description of that species is 
not sufficiently detailed to admit of accurate comparison. It is very 
likely that the specimens herein identified as O. parva in reality repre- 
sent a different species; if this should prove to be the case I would 
suggest that that species be called Ophiocomella clip pertont. 


OPHIOCOMELLA CARIBBAEA, n. sp. 


Ophiocoma pumila (part) A. H. Crark, Proc. U. S. Nat. Mus., vol. 86, 
No. 3056, p. 451 (station 28, U.S.N.M. no. 5559), pl. 54, fig. 3, Apr. 5, 
1939 (the type specimen). 


Description.—This species is very similar to O. parva. In the type 
specimen the disk is 4 mm. in diameter, and the 6 arms are about 13 
mm. long. The 3 arms on one side are slightly larger than the 3 arms 
on the opposite side. 

The plating on the aboral surface of the disk is somewhat coarser 
than is the case in O. parva, and the spinules are larger, less numerous, 
and more scattered. There are about 50-60 spinules to each square 
millimeter instead of about 100 as in O. parva. The spinules are 
mostly about twice as high as thick, or rather higher, swollen-conical 
with usually rounded tips, and are separated from each other by sev- 
eral times their basal diameter. 

The first tentacle pore has 2 tentacle scales instead of only a single 
one as is usually the case in O. parva, but those following have only 1. 

The mouth papillae, especially the outermost, are slightly narrower 
and less rounded than those of O. parva. 

The adoral shields almost or quite meet beyond the inner end of the 
mouth shields. 

The central portion of the interbrachial areas below, as in O. parva, 
bears a few widely scattered spiniform granules. 

There are 4 arm spines until near the end of the arm, when the 
number falls to 3. 
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Locality—Smithsonian-Hartford Expedition station 28; St. John, 
Virgin Islands ; coral reef off Lagoon Point, on the west side of Coral 
Bay; W. L. Schmitt, April 6, 1937. One specimen (type, U.S.N.M. 
no. E.5559). 

Notes.—This species has heretofore been considered the 6-armed 
young of Ophiocoma pumila, from which, however, it is quite distinct. 

In a specimen of Ophiocoma pumila from Haiti with the disk 5 mm. 
in diameter and the 5 arms 28 mm. long, the arms are nearly six times 
as long as the diameter of the disk instead of only slightly more than 
three times as long as in Ophiocomella caribbaea. 

The granulation of the disk is rather close, the granules, though 
somewhat irregularly placed, averaging about their own thickness 
apart. The granules show much diversity in size and shape, some 
being twice as thick as others. The smallest granules are approxi- 
mately spherical; the largest, which are about half again as long as 
their greatest thickness, are conical with much swollen sides; most of 
them are intermediate between these two extremes, with more or less 
broadly rounded ends. 

On the first 3 side arm plates beyond the disk there are 5 arm 
spines, of which the uppermost is the longest, and the lowest is the 
shortest. The number then falls to 4, and in the terminal portion of 
the arm to 3. 

The first and sometimes also the second tentacle pore is provided 
with 2 tentacle scales. 

The central portion of the interbrachial areas below is thickly 
covered with granules. 


OPHIOCOMELLA SCHMITTI, n. sp. 
Piateminmiesenon4 


Description.—The disk is 3 mm. in diameter, and the arms are about 
15 mm. long. This species differs from O. parva from Clipperton 
Island in having the elongate granules or stout spinelets on the disk 
longer, three times as long as thick or even longer, and much less 
numerous, about 30-35 to each square millimeter. The upper arm 
spines at the bases of the arms are more slender than those of 
O. parva, and less strongly flattened. 

It differs from O. caribbaea in having the spinules on the disk 
longer, more sharply pointed, and more widely scattered. 

Locality.—Galapagos Islands: Narborough Island; shore; W. L. 
Schmitt, July 25, 1938. One specimen (type, U.S.N.M. no. E.5638). 
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OPHIONEREIS ROOSEVELTI, n. sp. 
Plate 2, figs. 7, 8 


Characters —The arms are black with well-separated small paired 
spots, and, distally, bands of white; the disk is brownish with numer- 
ous small whitish spots in the outer portion and fine parallel radiating 
whitish lines in the center; beneath, the arms are gray and the disk 
black ; the arm spines are 4 on the first dozen arm combs beyond the 
edge of the disk, after which the uppermost is absent, so that there 
are only 3 from this point to the arm tip; the spines of the successive 
arm combs are aligned in regular rows along the arm. 

Description.—In the larger of the two specimens, designated as the 
type, the disk is 1g mm. in diameter and the arms are 130 mm. long. 

The entire aboral surface of the disk is covered with overlapping 
scales which are largest about the radial shields and in the radial areas, 
becoming much smaller in the center of the disk and in the interradial 
areas. Most of these scales are entirely concealed by a thick epidermis. 
Before the removal of the epidermis the only scales visible are the 
following: A row of about 15 conspicuous light-colored scales runs 
outward from the ends of the radial shields along the edge of the 
aboral surface of the disk for about one-third the distance across the 
interbrachial space. These scales, which imbricate toward the radial 
shields, become small and irregular toward the outer end of the row. 
In the angle between this row of scales and the radial shields, and 
extending downward for some distance behind the radial shields, there 
is a more or less obscured group of scales, with an indefinite border. 

At the base of the arms, beyond the disk, the arm spines are 4 in 
number. All 4 spines are approximately of the same length. The 2 
central spines are stout, slightly flattened, with abruptly truncated, 
broadly rounded ends, the lower spine of each pair slightly curved 
aborally. The uppermost spine is slightly more slender than the one 
just below it, and more strongly flattened. The lowest spine is mark- 
edly more slender and more tapering than the others. After the ninth 
to twelfth arm comb beyond the edge of the disk (usually the tenth or 
eleventh) the uppermost spine disappears, the combs from that point 
onward to the tip of the arm consisting of 3 spines of approximately 
the same length, of which the 2 uppermost are similar, stout and blunt, 
and the lowest is more slender and more tapering. In the outer 
portion of the arms the difference between the spines gradually dis- 
appears so that in the terminal portion the combs are composed of 3 
similar rather slender tapering spines. The spines on successive combs 
are all at the same height so that the spines are aligned in regular rows 
along the arm, first in 4 rows, later in 3. 
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The disk is brownish, becoming dark in the center and in the inter- 
radial areas, with numerous small whitish spots, and in the central 
portion fine parallel radiating whitish lines. The arms above are 
slaty black with pairs of white spots, each the length of an upper arm 
plate in diameter, spaced somewhat unequally at intervals of 4-7 upper 
arm plates ; in the outer half of the arms these spots fuse to form nar- 
row bands which in width are equal to from 1 to 2 upper arm plates. 
The arm spines in the basal portion of the arms are tipped with white. 
seneath, the arms are dark gray and the interradial areas black. 

Note.—Another specimen from the same locality has the disk 
If mm. in diameter and the arms 75 mm. long. 

Locality —Galapagos Islands: Elizabeth Bay, Albemarle Island ; 
south end of the black beach north of the mangroves north of the two 
“red” islands. Two specimens (cotypes, U.S.N.M. no. E.5618). 

Note.—It gives me great pleasure to name this species for Presi- 
dent Franklin D. Roosevelt, in grateful appreciation of his kindness 
and generosity in obtaining for the United States National Museum 
this unusually interesting collection of echinoderms. 

Remarks.—Litken and Mortensen (Mem. Mus. Comp. Zool., vol. 
23, No. 2, p. 162, pl. 13, fig. 12, 1899) recorded and figured a single 
arm of a large species of Ophionereis from the Galapagos Islands (Al- 
batross station 3405, 53 fathoms) with very broad upper arm plates 
and very small supplementary plates. These features appear to indi- 
cate, according to them, that the species represented by the arm is 
undescribed. Their figure shows that it cannot be referred to O. 
roosevelti; the upper arm plates are much broader and the supple- 
mentary plates are much smaller ; the color, also, is wholly different. 








OPHIODERMA APPRESSA (Say) 


Locality Old Providence Island, 120 miles east of the Mosquito 
Coast (lat. 13°21’ N., long. 81°22’ W.) ; shore; reef and tide-pool 
collecting; August 1, 1938. Three specimens (U.S.N.M. no. E5607). 


ASL ERODE A 
ECHINASTER PARVISPINUS A. H. Clark 


Locality—Lower California: Magdalena Bay, inside the northern 
point of the entrance to bay, between Belcher Point and the anchor- 
age; 10-15 fathoms (18-27 m.) ; sandy and weedy bottom; July 18, 
1938. Three specimens (U.S.N.M. no. E.5610). 

Note.—In these three specimens r = 33 mm. 
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HELIASTER CUMINGII (Gray) 
Plate 3, fic. 9 


Locality—Galapagos Islands: Elizabeth Bay, Albemarle Island; 
south end of the black beach north of the mangroves north of the two 
“red” islands. July 26, 1938. One specimen (U.S.N.M. no. E.5611). 

Notes.—In this specimen there are 21 arms; R = 30 mm., r = 16 
mm. The spines on the abactinal surface are rather widely scattered 
and are strongly capitate. They are single except in the midline of 
the free portion of each ray where there are five groups, the inner- 
most of 2 spines and the distal three of usually 3, sometimes 2 
rarely 4. 

The rays are of various lengths, showing that the animal is under- 
going active ray reduplication. In addition to the perfectly formed 
arms of various sizes, there are 4 arm buds all situated in interradial 
openings having the appearance of rents in the aboral epidermal cov- 
ering, the inner edge of which in all cases is 10 mm. from the center 
of the disk, or 6 mm. within the bases of the free rays. 

These arm buds arise far below the aboral epidermal covering, 
apparently between the upper portions of the proximal marginal 
plates of 2 adjacent rays, and grow upward. The tip is provided with 
a terminal row of 4 and a subterminal row of 5 short stout spines 
armed with stout low conical spinelets. The furrow spines are well 
developed. When the growing arm bud reaches the epidermal cov- 
ering the latter is ruptured, and the edge of the rent draws away from 
the arm bud leaving a conspicuous opening. 

The arm bud now grows outward and slightly downward, parallel 
with the aboral surfaces of the adjacent rays, the tip, however, remain- 
ing turned up at right angles to the rapidly extending newer growth 
which, becoming deeper and developing a dark epidermal covering 
with the usual capitate spines, rapidly repairs the inner portion of the 
rent, at the same time extending it toward the interbrachial border ; 
on reaching the interbrachial border the arm bud grows outward into 
an arm of the typical form. 

The tube feet in the arm buds, as in the fully developed arms, are 
in 2 rows which are slightly zigzag, alternate tube feet being nearer 
and farther from the midline of the groove. 

The largest of the arm buds, which reaches to within 4 mm. of the 
interbrachial angle, beyond the end of which the rent extends entirely 
through the animal from the aboral to the oral side, is visible on the 
oral surface, were it separates 2 of the arms for about half the dis- 
tance from their bases to the interbrachial angle. It appears as a small 


12 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


replica of the bases of the adjacent arms, with small furrow spines 
and small tube feet, set considerably below the general surface. 

The arm buds are situated as follows, clockwise from the madre- 
porite ; the 2 larger in interradii 2 and 14, the 2 very small ones in 
interadii 11 and 19. 


SCLERASTERIAS, sp. 


Locality.—Galapagos Islands: agus Cove, Albemarle Island; 
from the anchor chain in 50 fathoms (91 m.) of water; July 26, 1938. 
One specimen (U.S.N.M. no. E.5643). 

Notes.—The specimen at hand is small and young; R=8.5 mm., 
r = 2mm.; there are 6arms, 5 of full size and the sixth in the form of 
a well developed bud; there are 12-13 inferomarginal and 43 adambu- 
lacral plates. 

Prof. Walter K. Fisher was so very kind as to examine this speci- 
men for me. 


ECHINOIDEA 
EUCIDARIS THOUARSII (Agassiz and Desor) 


Localities —Galapagos Islands: Sulivan Bay, James Island; July 
24, 1938. Two specimens (U.S.N.M. nos. E.5632, E.5633). 

Galapagos Islands: Elizabeth Bay, Albemarle Island; July 26, 
1938. One specimen (U.S.N.M. no. E.5634). 

Galapagos Islands: Post Office Bay, Charles Island; July 27, 1938. 
Seven specimens (U.S.N.M. no.. E5637). 

Notes—One of the specimens from James Island (E.5632) is 
the largest recorded for this species. The horizontal diameter is 76 
mmm., the height is 57 mm., and the longest spines are 68 mm. long. 


HESPEROCIDARIS HOUSTONIANA, n. sp. 
Plate 4, figs. 10, 11; plate 5, figs. 12-14 


Characters.—The interporiferous zone of the ambulacra is elevated 
and is completely covered by the 2 marginal rows of large and the 
2 inner rows of small tubercles ; the primary spines are about one-third 
again as long as the horizontal diameter of the test and are slightly tap- 
ering, slightly flattened, abruptly truncated distally, and carry 13 or 14 
rows of granules which are low and evenly rounded on the oral side, 
but rise into conical prominences on the aboral side. The new species is 
most closely related to H. panamensis (A. Agassiz) from which, 
however, it appears to be quite distinct. 
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Description.—The test is 17 mm. in horizontal diameter, and 8 mm. 
in height; the apical system and the peristome are both 8 mm. in 
diameter ; the primary spines are 22 mm. long. 

The test is circular, much flattened, twice as broad as high, with 
strongly curved sides; the apical system is flat; about the peristome 
the border of the test is slightly incurved; the apical system and the 
peristome are of the same size, their diameter being one-half that of 
the test. 

The ambulacra at the ambitus are 2.5 mm. broad, and the interam- 
bulacra are 8 mm. broad, the width of the ambulacra being 31 percent 
of that of the interambulacra. Above the ambitus the ambulacra are 
slightly sinuate. 

The interporiferous zone of the ambulacra is elevated slightly above 
the surface of the poriferous zones on either side, which slope upward 
toward it. At the ambitus the interporiferous zone is 1.2 mm. in width 
and the adjacent poriferous zones are 0.6 mm., the interporiferous 
zone being about twice the width of the adjacent poriferous zones. 

In the interporiferous zone the marginal series of tubercles are very 
regular. The tubercles in these series are large, their diameter being 
markedly greater than that of the adjacent pores, and they are sepa- 
rated from each other by about their own diameter. Between the 2 
rows of marginal tubercles are 2 rows of smaller tubercles. The 
tubercles in these 2 inner rows are about as large as a pore. They are 
situated in the lower angles of the plates, and their outer side is 
tangent to the midambulacral articular lines between the plates so 
that the interporiferous zone shows no naked median area. The tuber- 
cles of these 2 rows alternate with each other, and also with the large 
tubercles of the marginal rows. 

In the interambulacra the areoles are low, and their edges are not 
raised. Those at the ambitus are slightly oval transversely, and those 
below become progressively more and more strongly oval. The 
areoles at the ambitus measure 3.6 by 3 mm. The 2 or 3 areoles 
nearest the peristome are confluent, the 2 uppermost are separated 
by 2 rows of tubercles, and the second and third from the apical 
system are separated by 2 rows of reduced tubercles, or are in some 
cases confluent; the areoles at the ambitus are separated from those 
above and below by usually a single row of tubercles. The boss is 
rather low with a small mamelon having a small perforation, which 
shows no trace of crenulation. The edge of the platform of the areoles 
below the ambitus is smooth; at the ambitus it bears from 20 to 25 
tubercles, though the row may be more or less deficient. Around each 
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areole there is a row of scrobicular tubercles, interrupted below on the 
areoles at the ambitus, and*both above and below on those below the 
ambitus. In the midline of the interambulacra below, but not above, 
the ambitus there is a somewhat irregular row of smaller tubercles 
between the scrobicular tubercles surrounding adjacent areoles so that 
the midline of the interambulacra is completely filled with tubercles. 

The diameter of the apical system is one-half that of the test at the 
ambitus. The oculars are all rather widely exsert. The genital pores 
are small, and are situated about one-third of the distance from the 
outer apex to the inner edge of the genital plates. The genital plates 
are 2.8 mm. wide at the base and 2.4 mm. long in the midline. The 
oculars bear 7-9 tubercles, the genitals 14-18; each of the small plates 
in the periproctal area bears a single tubercle, some of the larger 
peripheral ones sometimes having 2 or even 3. As the tubercles on the 
genital and ocular plates are rather widely separated, the dense mass 
of secondary spines on the periproctal plates is separated from the 
row of closely placed spines along the outer borders of the oculars 
and genitals by a conspicuous, almost completely naked, band about 
1.5 mm. wide. 

The peristome is almost flat. There are 10-11 plates in each am- 
bulacral series, and 4 in the interambulacral series. 

The primary spines are about one-third again as long as the hori- 
zontal diameter of the test. They are fairly slender, slightly flattened, 
and taper gradually to an abruptly truncated, though not expanded, 
tip. The shaft is closely set with granules arranged in 13 or 14 longi- 
tudinal lines which just at the tip of the spine become ridges. The 
granules in each line alternate with those in the lines on either side. 
On the oral side of the spine these granules are low, elongated in the 
direction of the longitudinal axis of the spine, and have evenly convex 
and highly polished surfaces. On the aboral side the granules rise into 
cones directed distally, the apex of the cones being almost or quite 
above the distal edge of the base. The granules and cones are rather 
well separated from each other, and the space between them is occu- 
pied by a sort of loose spongy felting of rather coarse glassy anas- 
tomosing hairs. The neck of the spines is usually, though not always, 
distinct. It is from one-half to quite as long as the collar, shows only 
slight indications of the granules, and is highly polished, lacking the 
felted covering. The collar is somewhat more than I mm. in length, 
cylindrical, and very finely striate, the striations being narrow, high, 
and well separated, with a finely serrate crest. In occasional spines, 
somewhat more tapering than the others, the features of the collar 
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are continued to the tip; there is no felted covering, and the granules 
are indicated only by slight elevations over which the fine striations 
run uninterruptedly. The milled ring is low and not conspicuous ; it is 
of the same color as the collar. 

The topmost primary spine in each interambulacrum is rudimen- 
tary, consisting of a broadly truncated cone about as high as broad 
at the base with strongly convergent sides and the edges of the base 
broadly rounded. The surface is somewhat spongy, with very numer- 
ous and very fine striations. There are 5 of these rudimentary spines 
about the apical system. 

The oral primaries are about 4.5 mm. long with a very long collar 
occupying about their proximal half, beyond which they are smooth 
and more or less polished. The second is transitional to the ambital 
spines. 

The secondary spines are slender and flattened. The scrobicu- 
lar spines are 3 mm. long, strongly flattened, broadly truncate or 
with the distal end more or less convex, and have parallel sides that 
in the proximal quarter converge to the base. 

The marginal ambulacral spines are 2.5 mm. long, resembling the 
scrobicular spines but much narrower. The miliary spines are small, 
delicate, and sharply pointed. 

The pedicellariae resemble those of related species. Small globifer- 
ous pedicellariae are numerous and conspicuous, large globiferous and 
tridentate rather uncommon. 

The color is bright brownish red, the tips of the scrobicular and 
ambulacral marginal spines sometimes showing a purplish tinge. The 
primary spines are light at the base, becoming darker in the outer 
two-thirds, where they may be obscurely banded or blotched with 
lighter. When dry, the spongy covering gives them a frosted ap- 
pearance between the granules. The collar is brownish red, some- 
what lighter than the adjacent scrobicular spines, and the neck is of 
the same color. The oral primaries have whitish tips. 

The test is dull creamy white, with the peristome and the inter- 
poriferous areas of the ambulacra tinged with dull yellowish. The 
apical system is pale brownish red, fading to whitish on the border of 
each plate. The plates surrounding the apical system are faintly tinged 
with greenish. 

Locality—Galapagos Islands: Tagus Cove, Albemarle Island; 
from the anchor chain in 50 fathoms (91 m.) of water; July 26, 1938. 
Six specimens (type, U.S.N.M. no. E.5604; the other five specimens 
under U.S.N.M. nos. E.5605 and E.5606). 
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Comparisons.—This new species is allied to H. panamensis from 
which it differs most noticeably in the characters of the interporifer- 
ous zone of the ambulacra, which is slightly elevated with larger 
tubercles than those seen in H. panamensis and no naked median line, 
and in the primary spines, which are tapering and have 13-14 longi- 
tudinal series of granules instead of being cylindrical with about 16-18 
series of granules as in H. panamensis. 

My friend Dr. Hubert Lyman Clark, of the Te of Compara- 
tive Zoology at Harvard, to whom I submitted two specimens for 
comparison with H. panamensis, writes that he regards these as young 
specimens of panamensis, although he notes that there is some diver- 
sity in the slenderness and form of the primary spines. He does not 
mention the differences in the interporiferous zone of the ambulacra. 


LYTECHINUS SEMITUBERCULATUS (L. Agassiz and Desor) 


Localities —Galapagos Islands: Elizabeth Bay, Albemarle Island ; 
south end of the black beach north of the mangroves north of the two 
“red” islands ; July 26, 1938. Two specimens (U.S.N.M. no. E.5617). 

Galapagos Islands: South Seymour Island; north end of the 
plateau land section of the island; July 29, 1938. Five dead tests 
(U:S:N.M. ne: E.5616). 

Note.—The larger of the two specimens from Albemarle Island has 
a horizontal diameter of 28 mm. 


CAENOCENTROTUS GIBBOSUS (L. Agassiz and Desor) 


Locality—Galapagos Islands: Elizabeth Bay, Albemarle Island ; 
south end of the black beach north of the mangroves north of the two 
“red” islands ; July 26, 1938. Two specimens .U.S.N.M. nos. E.5608, 
E.5609). 

Notes.—One of the specimens is 45 mm. in horizontal diameter and 
olive green in color. The other is 20 mm. in diameter; the test is 
bright green with the poriferous areas abactinally light buff; the 
spines are dark brown becoming olive toward the base. 


ECHINOMETRA LUCUNTER (Linné) 


Locality—Old Providence Island, 120 miles east of the Mosquito 
Coast (lat. 13°21’ N., long. 81°22’ W.); shore; reef and tide-pool 
collecting ; August 1, 1938. Four specimens (U.S.N.M. nos. E.5622, 
E.5636). 


Note.—The largest of the four specimens measures 52 by 43 mm. 
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ECHINOMETRA INSULARIS H. L. Clark 


Locality—Galapagos Islands: Post Office Bay, Charles Island; 
July 27, 1938. One specimen (U.S.N.M. no. E.5621). 

Notes.—This specimen measures 44 by 39 mm. ; the longest primary 
spines are 35 mm. long. There are 6 pore pairs above the ambitus and 
5 below. The test is white, more or less tinged with purple aborally ; 
the spines vary from deep purple to black. 


ENCOPE PERSPECTIVA L. Agassiz 


Locality —Lower California: off Punta Gorda, Cape San Lucas; 
off rocky shore to west, and San Jose del Cabo Bay; 6-10 fathoms 
(11-18 m.) ; July 19, 1938. One specimen (U.S.N.M. no. E.5635). 

Note—The specimen is 95 mm. long. 


ENCOPE MICROPORA L. Agassiz 


Locality—Lower California: off Punta Gorda, Cape San Lucas; 
off rocky shore to west, and San Jose del Cabo Bay; 6-10 fathoms 
Gite im.) july 16; 1638. Sixteen specimens s(US.N-M. ‘ne: 
E.5620). 

Note.—The specimens vary from 10 to 66 mm. in length. 


EXPLANATION OF PLATES 
PLATE I 


Fic. 1. Ophiocomella parva, a 7-armed specimen from Clipperton Island, aboral 
view (U.S.N.M. no. E.5639). X 3. 

Fic. 2. Ophiocomella parva, another 7-armed specimen from Clipperton Island, 
oral view (U.S.N.M. no. E.5639). X 3. ; 

Fic. 3. Ophiocomella schmitti, n. sp., the type specimen from Narborough Island, 
Galapagos, aboral view (U.S.N.M. no. E.5638). X 3. 

Fic. 4. Ophiocomella schmitti, n. sp., the type specimen from Narborough Island, 
Galapagos, oral view (U.S.N.M. no. E.5638). X 3. 

Fics. 5, 6. Ophiothrix galapagensis, two specimens from James Island, Gala- 
pagos, aboral view, showing variation in the spinulation of the 


disk (U.S.N.M. nos. E.5613 [fig. 6] and E.5614 [fig. 5]). X 2. 


PrArne2 


Fic. 7. Ophionereis roosevelti, n. sp., the cotypes from Albemarle Island, Gala- 
pagos, aboral view (U.S.N.M. no. E.5618). X 2. 

Fic. 8. Ophionereis roosevelti, n. sp., the cotypes from Albemarle Island, Gala- 
pagos, oral view (U.S.N.M. no. E.5618). X 2. 
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PLATE 3 


Fic. 9. Heliaster cumingit, a young individual from Albemarle Island, Gala- 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


10. 


Tie 


12. 


13. 


14. 


pagos; the pointers indicate the four arm buds (U.S.N.M. no. 
E5611): oc 3: 


PLATE 4. 


Hesperocidaris houstoniana, n. sp., from Albemarle Island, Galapagos, 
oral view (U.S.N.M. no. E.5605). X 2. 

Hesperocidaris houstoniana, n. sp., from Albemarle Island, Galapagos, 
aboral view (U.S.N.M. no. E.5605). X 2. 


PLATE 5 


Hesperocidaris houstomana, n. sp., the type specimen from Albemarle 
Island, Galapagos, aboral view (U.S.N.M. no. E.5604). X 2. 

Hesperocidaris houstomana, n. sp., the type specimen from Albemarle 
Island, Galapagos, lateral view (U.S.N.M. no. E.5604). x 2 

Hesperocidaris houstoniana, n. sp., the type specimen from Albemarle 
Island, Galapagos, oral view (U.S.N.M. no. E.5604). 2. 
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Among the echinoderms collected by Dr. Waldo L. Schmitt during 
the Presidential cruise on the U.S.S. Houston in the summer of 1938 
there are only two sea-cucumbers, both belonging to the same species. 
These two individuals were collected in Magdalena Bay on the west 
coast of Lower California. They represent a new species, which, 
however, is.closely related to a form known from tide pools in Calt- 
fornia but, so far as our present knowledge goes, not known from 
south of Morro Beach. 

Magdalena Bay seems to be the northern limit for the tropical 
“Panamic” region on the western coast of Lower California, and it 
is therefore likely that the new species will be found in other localities 
within the “Panamic” region. On the eastern side of Lower Cali- 
fornia the “Panamic” region reaches northward to the mouth of the 
Rio Colorado. 


THYONE LUGUBRIS, n. sp. 


Diagnosis —A small form, a few centimeters long, with stout feet 
which are slightly larger and more numerous on the ventral side, 
where the original arrangement in 3 bands often is visible; on the 
dorsal side some of the feet are more papilliform. Tentacles ro, the 
2 ventral smaller than the others. Calcareous ring with distinct, 
though fairly short, posterior prolongations on the radials ; both the 
radials and interradials have a long anterior tooth. Stone canal small, 
delicate, embedded in the dorsal mesentery ; head small, flattened with 
thickened edges, free to the right. Polian vesicle single, ventrally 
placed. 

Spicules consisting of an external layer of knobbed buttons or 
plates with the external side covered by a reticulum. The inner layer 
consists of regular 4-holed knobbed buttons; the central knobs are 
often united into a distinct handle; some buttons are more lozenge- 
shaped, with an accessory hole in each end. In very small: individuals 
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Fic. 1—Thyone lugubris, n. sp. 


1, end plate from young individual 3 mm. long; 2-4, knobbed buttons from 
inner layer of integument; 5-7, supporting tables from tube feet; 8, 10, 12, 
plates from tentacles; 9, plate from superficial layer of integument with ex- 
ternal side covered by a reticulum; 11, table from introvert. 

All from type, except No. 1 which is from an embryo from the type. 


I 
Scale, —— mm. 
100 
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(3 mm. long) this inner layer is not yet developed. Feet with large 
end plate, which is reduced in the papilliform feet on the dorsum ; 
the walls are filled with numerous supporting tables with a reticu-- 
lated spire composed of numerous rods and ending in numerous 
branches or teeth. The introvert contains tables with a low spire and 
numerous holes in the disk. The tentacles are packed with heavy per- 
forated rods and plates; toward the terminal branches the deposits 
become smaller and more delicate, with larger holes. 

The color is mottled brownish, with black tentacles. 

The species is viviparous. 

Locality —Magdalena Bay, west coast of Lower California; inside 
the northern point of the entrance to the bay, between Belcher Point 
and the anchorage ; 10-15 fathoms (18-27 m.) ; sandy and weedy bot- 
tom; July 18, 1938. Two specimens. (Type, U.S.N.M. no. E.5624; 
cotype, U.S.N.M. no. E.5625.) . 

Remarks.—The type is a female 15 mm. in length, with 13 embryos, 
and the cotype is probably a male, 10 mm. long; both are well 
expanded. 

The gonads are well developed in both specimens and consist of 2 
tufts each with about 10 tubules. In the larger type the tubules are 
short and some are almost empty—one contains one large egg while 
the others are more opaque. The oviduct appears to open into the 
body cavity, near the stone canal. Thirteen embryos of varying age 
were found lying free in the body cavity. The smallest embryo 
measures I mm. in length and lacks all appendages except 5 cylin- 
drical tentacles. The largest embryo measures 3 mm. and has 5 double 
rows of tube feet and the full number of tentacles, which all are 
branching as in a typical dendrochirote. The spicules in the smallest 
embryo are of the usual juvenile type which occurs in almost all imma- 
ture specimens—large plates regularly perforated by holes all of about 
the same size. In the stages following, the typical spicules begin to 
appear, although rather incompletely developed. In the oldest stages 
the spicules are as in the mother animal, except that the layer of inner 
buttons has not yet appeared. The color of the embryos ranges from 
completely unpigmented white to mottled gray with numerous pigment 
dots. 

The cotype has gonads with much longer tubules, with scattered 
pigments spots. The tubules are opaque and appear to contain only 
small cells, so it is probably a male. The opening of the gonadial duct 
could not be traced with certainty; probably it opens on the dorsal 
side between the tentacles or closely behind them as in most 
Dendrochirota. 
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Fic. 2—Thyone lugubris, n. sp. 


I-2, primitive plates from integument of small embryo; 3, end plate from a 
small embryo, with few tube feet; 4-5, 7-8, supporting tables from tube feet; 
6, beginning stage of knobbed reticulated plate from external layer of integument; 
9, beginning stage of a knobbed button; 10, knobbed reticulated plate from ex- 
ternal layer of integument. 

All from a small embryo, 1.5 mm. long. 


I 
Scale, —— mm. 
100 
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From the Californian form Thyone rubra H. L. Clark, Thyone 
lugubris differs in its mottled grayish brown color and black tentacles, 
contrasting strikingly with the vivid orange dorsum and tentacles and 
snow-white ventrum of the northern form. The former reaches 
normally’a length of 30-40 mm., but very likely this is also true of 
lugubris, as apparently most dendrochirotes continue their growth 
after reproduction has set in. The spicules are slightly smaller in the 
southern than in the northern form. 

Both species are viviparous, and the observations made by Dr. H. L. 
Clark regarding the number of embryos developed, etc., in Thyone 
rubra agree in all essentials with what has been found in Thyone 
lugubris. . 

The life history of the dendrochirote holothurians in which. the 
female develops the embryos free in the body cavity is rather imper- 
fectly known. Horstadius (1926) has studied the very similar condi- 
tions in the Mediterranean form Phyllophorus urna Grube, and was 
the first to discover that the oviduct opened directly into the body 
cavity, as one logically would expect, and apparently the eggs are set 
free here at intervals. How they are fertilized—if, indeed, they are 
fertilized at all—is unknown. When the embryos have reached a 
length of several millimeters, they are apparently set free one or two 
at a time, probably by breaking through the respiratory trees or 
through the intestine. 

Both Thyone rubra and Th. lugubris belong definitely to the same 
group, and when the genus Thyone finally is revised they will be 
placed in a separate genus by themselves. They differ from the two 
other species of Thyone with knobbed buttons which are known from 
the tropical part of the Pacific coast of America in the presence of 
the large buttons or plates with the external side covered by a huge 
reticulum. The other species have either buttons with a strongly 
spinous handle (Thyone gibber [Selenka]), or an external layer of 
delicate reticulated baskets (Thyone panamensis Ludwig). 

From the West Indies no species so far has been reported which 
has spicules similar to those which characterize lugubris and rubra, 
nor does it appear, from a perusal of the literature, that they have any 
relatives in other parts of the Pacific Ocean. 
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Fic. 3—Thyone rubra H. L. Clark. 


I-4, knobbed buttons from the inner layer of the integument; 5-6, supporting 
tables tube feet; 7-8, tables from introvert; 9, plate from tentacle; 10, knobbed 
plate from external layer of integument, medium size. 


I 
Scale, —— mm. 
100 
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rie lrOLyvCHAb TOUS PANNELIDS COLLECTED! ON 
THE PRESIDENTIAL CRUISE 
OF 1938 


By OLGA HARTMAN 
The Allan Hancock Foundation, University of Southern California 


These collections were made from July 18 to August 6, 1938. 
Localities include western Mexico, Clipperton Island, Galapagos Is- 
lands, Cocos Island, all in the eastern Pacific, and Old Providence 
Tsland, in the Caribbean Sea. Depths range from intertidal to 15 
fathoms. 

Though small, the collection is represented by 17 families, with 31 
species, of which 2, Neanthes roosevelti and Polydora tricuspa, are 
new to science, 1, Cirratulus niger, is newly named, and 2 others, 
Scalisetosus sp., and Armandia sp., may represent undescribed species. 
Several others have had their range extended considerably into tropi- 
cal waters. 

Following is a list of stations, with species encountered : 


Station No. 3-38. July 18. Magdalena Bay, inside northern point of 
entrance to bay, between Belcher Point and anchorage, dredged 
in 10-15 fathoms ; sandy, weedy bottom. 


No. of specimens 


Halosydna fuscomarmorata (Grube)............. 6 
Paleanotus chrysolepis Schmarda................ I 
Unemercis agassize (Ehlers) cca ccieie cine cl eeie ees about 50 
INGHES calllerone. (Grrbbxeo od canonadcosobousaounpous 2 
Bunice acauicatrire NOLO nae deeer soe seee ee I 
Polyophthalmus pictus (Dujardin).............. about 100 
VAGINAL GLGERSD Wee vats STC NRTA cae ioe che ara eee I 
MetachonemmolismBushs. eee eee ee ceeee 5 


Station No. 4-38. July 18. Magdalena Bay, Lower California ; fila- 
mentous green algae from deeper end of preceding dredge haul. 


No. of specimens 
Uncmereis agassin (Eblers)\s.0..204000% 3:00. ee 10 


SMITHSONIAN MISCELLANEOUS COLLECTIONS, VOL. 98, No. 13 


2 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


Station No. 5-38. July 19. Cape San Lucas, Lower California. Off 
Punta Gorda, off rocky shore to west and San Jose del Cabo 
Bay ; dredged in 6-10 fathoms. 


No. of specimens 


Halosydna fuscomarmorata (Grube)............. I 
Eusigalion spinoswn Hartman (in press)........ I 
Unemeretssagassizy (CE hlegs) mecoeaeee resect 3 
IBUTER WRdnoauiAke NIOMO, saooconeouesbodnocbe> I 
Polyophthalmus pictus (Dujardin).............. 4 
Metachnonessp sitactinent cor ceils ciel I 


Station No. 8-38. July 20. Socorro Island, Mexico. On sandy bot- 
tom, from off landing beach toward rocky point forming east 
side of cove where landing place is located; dredged in 7-8 


fathoms. 
No. of specimens 
Eunice biannulata Moore.....................->. I 
Cirratulus niger, new name......... Dhanctaeo oe ee 3 


Station No. 9-38. July 21. Clipperton Island. Shore collecting on 
rocks to south of landing place. 


No. of specimens 


Eurythoe complanata (Pallas).................- 7 
Anattides lamellifera (Pallas)................... I 
Eunice (Palolo) stciliensis Grube............... 2 
Mesochaetopterus minutus Potts................ numerous tubes 
Idanthyrsus pennatus (Peters)............0++.- I 


Station No. 15-38. July 24. Sulivan Bay, James Island, Galapagos. 
Shore and tide-pool collecting. 


No. of specimens 


SCAIUS CLOSUIS IS ae asta ae Ok Ghee Tene nee I 
SVMs USGOSULUMOLG Al Seile hea aerate eters 4 
Si /ismeyalinaen Ginuibeneriris rier ara ereeere 2 
Neanthes roosevelti, new species................- 2 
Polydora tricuspa, new species.................. I 
iidanthyrsus pennatus (re eters)mmteeeieeeiee eee dried tubes 


Station No. 16-38. July 25. Narborough Island, Galapagos. Shore 
collecting. 


No. of specimens 
? Syllis fuscosuturata Augener.....5...5--s0a260 I 
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Station No. 19-38. July 26. Elizabeth Bay, Albemarle Island, Gala- 
pagos. Bay at south end of black beach north of mangrove, north 
of two “red” Islands. 


No. of specimens 
Nicolea galapagensis Chamberlin................ I 


Station No. 20-38. July 26. Locality as for No. 19-38. Taken off 
anchor chain. 


No. of specimens 
POISHKER (SVCRD JOMEO0Ns ooonaosoncvccdong000006 I 


Station No. 28-38. August 3. Chatham Bay, Cocos Island. Bottom 
sample, mostly sand. 


No. of specimens 
CGhicciasentpas Chamberlingnecese eset ee I 


Station No. 30-38. August 6. Old Providence Island, Caribbean Sea. 
Shore, reef, and tide-pool collecting. 


No. of specimens 


Hermema verruculosa Grube..............+..-- I 
Harmothoé lanceocirrata Treadwell............. I 
Eurythoé complanata (Pallas)...............-:- 5 
Hermodice carunculata (Pallas)................. 3 
Heswoneintertentas Gruber pees cdere ieee een: I 
Eunice schemacephala Schmarda................. 2 
Polymma nebulosa (Montagu).................. 3 
Siabellastantemmarca (Savin) eae ee I 


The collection includes representatives of 17 families, with species 
distributed as follows: 


POLYNOIDAE AMPHINOMIDAE 
Halosydna fuscomarmorata (Grube) Eurythoé complanata (Pallas) 
Hermema verruculosa Grube Hermodice carunculata (Pallas) 
Scalisetosus, sp. Chloeia entypa Chamberlin 


Harmothoé lanceocirrata Treadwell 
PEE ODOCIDAE 


POLYODONTIDAE Anaitides lamellifera (Pallas) 


Peisidice aspera Johnson 
HESIONIDAE 


SIGALIONIDAE Hesione intertexta Grube 


Eusigalion spinosum Hartman 
SYLLIDAE 
CHRYSOPETALIDAE Syllis hyalina Grube 


Paleanotus chrysolepis Schmarda Syllis fuscosuturata Augener 
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NEREIDAE CIRRATULIDAE 
Uncinereis agassizi (Ehlers) Cirratulus niger, new name 
? Nereis callaona Grube 
Neanthes roosevelti, n. sp. OPHELIIDAE 
Polyophthalmus pictus (Dujardin) 
EUNICIDAE Armandia, sp. 


Eunice biannulata Moore 
Eunice aedificatrix Monro Sy Se 


Eunice schemacephala Schmarda Idanthyrsus pennatus (Peters) 
Eunice (Palolo) siciliensis Grube 
TEREBELLIDAE 


SPIONIDAE Nicolea galapagensis Chamberlin 


i ; Polymnia nebulosa (Montagu) 
Polydora tricuspis, n. sp. f 


SABELLIDAE 


CHAETOPTERIDAE , 
Sabellastarte indica (Savigny ) 
Mesochactopterus minutus Potts Metachone mollis Bush 
POLY NOIDAE 


HALOSYDNA FUSCOMARMORATA (Grube) 


Polynoé fuscomarmorata GRuBE, 1876, p. 62. 
Halosydna fuscomarmorata Monro, 1928, p. 566. 


Collection.—Station Nos. 3-38, 5-38; 7 specimens. 

Color dark gray. Ventrum with a broad dark neural stripe, and a 
longitudinal stripe on either side over the nephridial region. Elytra 18 
pairs, with entire margin; neuropodial setae distally bifid. The 
nephridial papillae are subglobular. 

Distribution.—Peru; Panama; Lower California. 


HERMENIA VERRUCULOSA Grube 
Hermenia verruculosa GRUBE, 1856, p. 44; Monro, 1928, p. 40. 


Collection.—Station No. 30-38 ; 1 specimen. 

Length about 18 mm. Surface dorsally and ventrally closely cov- 
ered with many tubercles. All elytra except first pair have been lost, 
the first are small, circular, not meeting in the middorsal line, their 
margins are entire, their surface tubercled. Dorsum is reddish brown, 
ventrum flesh-colored. The neuropodial setae are stout, with a main 
fang and a lateral tooth, but without lateral serrations. 


NO. 13 POLYCHAETOUS ANNELIDS—HARTMAN 5 


HARMOTHOE LANCEOCIRRATA Treadwell 
FIGs. I, a-e 


Harmothoé lanceocirrata TREADWELL, 1928, p. 454. 
Harmothoé lanceolata TREADWELL, 1928, explanation of figures. 
Collection—Station No. 30-38; I specimen. 
The single individual is not quite complete posteriorly. It consists 
of 26 anterior segments, 16 mm. long; the last segment is the thir- 
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Fic. 1.—Species of Harmothoé and Scalisetosus. 


a-e, Harmothoé lanceocirrata: a, prostomium, in dorsal view, the right antenna 
indicated in dotted outline, 40; b, tenth elytrum, from right side, X 15; ¢, 
simple, bifid, and trifid spines from tenth elytrum, 40; d, a long notopodial 
seta from a median parapodium, 78; e, a neuropodial seta from middle part 
of fascicle, taken from a median parapodium, 78. 

f-k, Scalisetosus, sp.: f, prostomium, bases of palpi, and part of right first 
elytrum, 40; g, elytrum from near middle of body, the elytral scar indicated, 
20; h, portion of elytrum, with 5 marginal papillae and a larger surface spine 
with soft terminal knob, * 175; 7, inferior neuropodial seta from a median 
parapodium, 175; 7, tip of a notopodial seta from a median parapodium, 
175; k, tip of a superior neuropodial seta from a median parapodium, > 175. 


teenth elytrophorous. Body colorless save for 4 black eyes; setae 
and acicula pale straw-colored. All cirri have been lost except the 
left prostomial antenna, this is hirsute, and has the proportions shown 
by Treadwell (1928, p. 454) for the right prostomial antenna. All 
elytra missing except the tenth from the right side; it is only slightly 
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excavate at its anterior margin, heavily and closely fringed at its post- 
lateral margins (fig. 1, b), and has many tall, slender tubercles, par- 
ticularly crowded on its posterior two-thirds. These ‘tubercles are 
either simple, spinelike, or have their distal ends terminating in 2 or 
3 sharp cusps (fig. 1, c). Each spine arises from an elytral aero- 
lation which is difficult to make out unless the elytrum is cleared, be- 
cause of the abundance of the surface structures. 

Notopodial and neuropodial setae are disposed in stout, full, spread- 
ing fascicles. The notopodial setae (fig. 1, d) are somewhat thicker 
than the neuropodial setae (fig. 1, e), and extend nearly as far 
laterally. 

This specimen departs somewhat from the original description in 
the following: (1) The prostomium is broader than long, and has 
4 black eyes (fig. I, a) ; (2) the aerolation of the elytra is much less 
conspicuous, though obviously present; (3) the elytral fringe is 
heavier and longer, and (4) the elytral tubercles are simple, bifid, or 
trifid, though the bifid tubercles predominate. These differences are 
perhaps not sufficiently great to indicate specific variation. 

Distribution.—Caribbean Sea (Treadwell) ; Old Providence Island, 
Caribbean Sea. 


SCALISETOSUS, sp. 
Fics. 1, f-k 


Collection —Station No. 15-38; I specimen. 

Length 15 mm., number of segments 40, the last 2 small. Color of 
dorsal and ventral sides, as also elytra, is diffused purple, but the 
dorsum of each segment has 2 narrow, transverse, beadlike rows of 
pale spots and a pale segmental groove. There are 14 (or possibly 15) 
pairs of elytrophores, the last pair tiny. 

The prostomium is paler, but purplish, like the rest of the body. 
It is nearly twice as broad as long, its lobes bulging and terminating 
distally in minute peaks. There is a distinct median sulcus. The 4 
eyes are disposed at the sides, posterior to the widest part of the 
prostomium. The median ceratophore is inserted near the anterior 
end, its style lost (fig. 1, f). Paired prostomial antennae are long, 
tapering, but greatly exceeded in length by the palpi. The latter are 
somewhat annulated in their basal halves. The distal half tapers 
gradually and ends in a blunt tip. The palpi are over twice as long 
as the paired prostomial antennae. 

Parapodia are elongate, the acicular lobes drawn out in a tip, from 
which the pale acicula project. The notosetal fascicles are less than 
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half as heavy as the neurosetal, and their setae extend laterally only 
about as far as the bases of the neuropodial setae. Notopodial setae 
are stouter than the neuropodial setae, they are serrated along their 
lateral edge and end in a blunt, bifid tip (fig. 1, 7). Neuropodial setae 
are much more numerous, and finer; the superiormost has a long ser- 
rated blade (fig. 1, k), which is about four times as long as that of 
the inferiormost seta (fig. I, 7). 

The elytra appear smooth, with entire margins, but under low mag- 
nification they are seen to have minute marginal papillae (fig. 1, g) 
and some widely spaced elytral tubercles, posterior to the elytral scar. 
The larger tubercles are unique in that a harder, chitinous basal por- 
tion supports a soft, terminal papilla (fig. 1, /). 

This individual approaches the description of S. tentaculatus Horst 
(1917, p. 100) in some respects, but it differs in having notopodial 
setae that are distinctly serrated. 


POEYODONTIDAE 
PEISIDICE ASPERA Johnson 
Peisidice aspera JOHNSON, 1897, p. 184. 


Collection——Station No. 20-38; 1 specimen. 

A minute specimen, less than 5 mm. long, with only about 30 setig- 
erous segments, and only 16 pairs of elytra. The dorsum is medially 
exposed and discloses a papillated dorsal body surface. Since this 
was taken from the anchor chain, it may represent an early, settling, 
postlarval stage. 

Distribution.—Central and southern California; Alaska; British 
Columbia; Galapagos. This record extends the range far to the south, 
into tropical waters. 


- SIGALIONIDAE 
EUSIGALION SPINOSUM Hartman 
Eusigalion spinosum Hartman (Allan Hancock Foundation, in press). 


Collection —Station No. 5-38; I specimen. 

Length 4o mm., consists of 90 segments, a posterior portion miss- 
ing. Pale or white, with a dusky longitudinal stripe over the neural 
area. Elytra white, firmly attached. 

Distribution—Southern California, south to Lower California, 
Mexico. 
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TCHR SORE TALIDAR 
PALEANOTUS CHRYSOLEPIS Schmarda 
Paleanotus chrysolepis SCHMARDA, 1861, p. 163; MONRO, 1933, p. 19. 
Heteropale bellis JOHNSON, 1897, p. 163. 

Collection—Station No. 3-38; 1 specimen. 

Immature, about 8 mm. long; agrees well with Johnson’s descrip- 
tion of Heteropale bellis (1897, p. 163). It is uniformly straw-colored 
in preservative. 

Distribution—Cape of Good Hope; AuStralia; western Canada 
south to Lower California; Mexico; Panama. 


AMPHINOMIDAE 
EURYTHOE COMPLANATA (Pallas) 


Eurythoé comblanata AUGENER, 1913, p. 87; CHAMBERLIN, IQ10, p. 28. 
Collection.—Station Nos. 9-38, 30-38. 12 specimens. 
Length to 60 mm. 

Distribution.—Cosmopolitan, in warmer waters. 


HERMODICE CARUNCULATA (Pallas) 
Hermodice carunculata FAUVEL, 1923, p. 130. 
Collection.—Station No. 30-38 ; 3 specimens. 
Length to 68 mm. 
Distribution.—Indian Ocean; warmer waters of eastern and west- 
ern Atlantic; West Indies. 


CHLOEIA ENTYPA Chamberlin 
Chloeia entypa CHAMBERLIN, I91Q, p. 30; TREADWELL, 1937, p. 147. 

Collection—Station No. 28-38 ; I specimen. 

Tiny, with only 12 setigerous segments and a posterior growth zone. 
The proboscis is protruded, forming a large, corrugated, globular sack 
on the ventral side of the prostomium and first 2 segments. The 
dorsum has weak longitudinal stripes. 

Distribution.—Southern California, south to Panama. 


PHYLEODOGIDAE 
ANAITIDES LAMELLIFERA (Pallas) 
iG aed 
Phyllodoce (Anaitides) lamellifera Monro, 1933, p. 22. 
Phyllodoce lamelligera FAUVEL, 1923, p. 147. 
Collection —Station No. 9-38; 1 specimen. 
Length about 108 mm., number of segments about 279; long, 
slender, the parapodia held at right angles to the body, and con- 
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spicuous throughout. Color pale, with traces of a dark transverse 
band across the middle dorsum of each segment in the anterior region. 
Third tentacular segment without setae. 


9 h 


Fic. 2—Species of Anaitides, Nereis, and Neanthes. 





a, Anaitides lamellifera: prostomium, in dorsal view, showing median sulcus 
and nuchal papilla, * 21; b, Nereis callaona: 50th parapodium, or roth last, with 
large dorsal ligules, & 44; c-h, Neanthes roosevelti: c, prostomium and first 
two segments, palpi somewhat turned under; stippling indicates areas of brown 
pigmentation, * 44; d, portion of protruded proboscis, including areas V, VI 
and parts of VIII, & 44; e, 38th parapodium, or 12th last, from left side, in 
posterior view, < 86; f, homogomph notopodial seta from 38th parapodium, 
< 430; g, heterogomph, spinigerous neuropodial seta, from 38th parapodium, 
* 430; h, heterogomph falcigerous neuropodial seta, from 38th parapodium, 
X 430. 


The prostomium is emarginate at its posterior margin (fig. 2, a), 
contrasting therein with the description of European specimens (see 
Fauvel, 1923, fig. 52, a) and has an occipital button, contrasting with 
Monro’s specimen from Taboga Island (Monro, 1933, p. 22). The 
parapodia have approximately the same outlines as shown by Monro 
ClO3 3119S) LO).a 0). 
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The name, A. lamellifera (Pallas), is used instead of A. lamelligera 
Johnston (see Fauvel, 1923, p. 147) for the reasons set forth by 
Monro (1933, p. 22). 

Distribution Cosmopolitan, in warmer waters; littoral zones. 


HESIONIDAE 
HESIONE INTERTEXTA Grube 
Hesione intertexta GRUBE, 1878, p. 102; MONRO, 1031, p. 9. 
Hesione panamena CHAMBERLIN, I91Q, p. 188. 

Collection.—Station No. 30-38; I specimen. 

Length 41 mm. The dorsal pigmented pattern consists of a white, 
transverse band across the parapodial ridge, between which are from 
5 to 7 more or less regular transverse bands of brown, broken by 
narrow white transverse lines. The prostomial antennae are tiny: 
the 8 pairs of peristomial cirri are all fairly long. The guard of the 
composite setae approaches the apical tooth (see Monro, 1931, p. 9). 

Distribution.—Philippines ; Great Barrier Reef; Brazil; Panama, 
Lower California, Mexico; Caribbean Sea. 


SWEET DA 
SYLLIS FUSCOSUTURATA Augener 
Syllis fuscosuturata AUGENER, 1922, p. 43; Monro, 1933, Pp. 32. 

Collection.—Station Nos. 15-38, 16-38; 5 specimens. 

The prostomium and setae are well illustrated by Monro (1933, 
p. 32). Identification with Augener’s species is uncertain for the same 
reasons Monro has given (1933, p. 34). 

Distribution—West Indies; Panama; Galapagos ? 


SYLLIS HYALINA Grube 
Syllis hyalina FAUVEL, 1923, p. 262. 
Collection.—Station No. 15-38; 2 specimens. 
Distribution.—Cosmopolitan. 


NEREIDAE 
UNCINEREIS AGASSIZI (Ehlers) 


Nereis agassizi EHLERS, 1868, p. 542; JOHNSON, IOQOI, p. 390. 
Nereis notomacula TREADWELL, I9Q14, p. IOI. 
Uncinereis subita CHAMBERLIN, IQIQ, p. 215. 
Uncinereis agassizi HARTMAN, 1938a, p. I5. 
Collection —Station Nos. 3-38, 4-38, 5-38 ; over 60 specimens. 
To 40 mm. long; none are in the epitokous stage. As typical of 
the more northern representatives, the stout notopodial uncinigerous 


NO. 13 POLYCHAETOUS ANNELIDS—HARTMAN II 


hooks, which characterize this genus, have no indication of a suture, 
but are strictly simple. The segments of the posterior half of the body 
have characteristic dark color patches on the dorsal side of the para- 
podia, and over the body segments, in line with the parapodia. 

Distribution.—Japan; northeast Pacific, from Alaska south to 
Lower California, Mexico; Australia; Galapagos Islands. 


? NEREIS CALLAONA Grube 
ne, By 


Nereis callaona GruBeE, 1856, p. 165; AUGENER, 1918, p. 184. 
Nereis heterocirrata TREADWELL, 1931, p. 1; HARTMAN,°1938, p. 14. 
Nereis eucapitis HARTMAN, 1936, p. 468. 

Collection Station No. 3-38; 2 specimens. 

Length 24 and 34 mm.; number of segments 60. Color pale, eyes 
deep red; acicula are black with paler tips; setae are amber-colored. 
Posterior parapodia are charcterized by having a broad, convex dorsal 
lobe (fig. 2, b). The arrangement of paragnaths is as follows: Area | 
with 2 cones in tandem, the one on the oral side the larger; area II 
with a crescent of about 18 cones, ranging from small flat cones near 
the jaws to tall cones more distally ; area III with oval patch of about 
25, in 3 or 4 irregular rows, the largest paragnaths on the oral side; 
area IV with a crescent including about 25 cones resembling those on 
area III; area V with none; area VI with 4 in a diamond or with 
6 to 8 disposed in 2 transverse rows; areas VII and VIII with a con- 
tinuous series of about 4-6 rows, of many (over 100) smaller cones, 
separated from one another, the row on the maxillary side with the 
larger cones. The jaws are burnt amber, translucent, with about 
5 poorly marked teeth, the fang proportionately long. 

The identity of these two specimens with N. callaona is in some 
doubt because of the greater number of paragnaths on the oral ring; 
these are disposed in more than 2 transverse rows on areas VII and 
VIII. Nereis heterocirrata Treadwell is obviously the same as Nereis 
callaona Grube, a possibility that Fauvel has already pointed out (in 
litt: )): 

NEANTHES ROOSEVELTI, n. sp. 
Fics. 2, c-h 


Collection.—Station No. 15-38; 2 specimens. 

Length to 10 mm., number of setigerous segments to 50. The 
dorsum crossed by dark brown, segmental, transverse bands; a simi- 
lar pigment on the sides of the prostomium and the inner sides of the 


palpi. 
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The prostomium is dorsally flattened, its basal half as broad as the 
prostomium is long; provided with 4 well-separated dark eyes, dis- 
posed in a rectangle; the anterior half of the prostomium narrows 
rapidly to a blunt, truncate anterior margin, where the prostomial 
antennae are inserted (fig. 2, c). The prostomial antennae are white, 
their bases nearly touching, they extend distally almost as far as the 
palpi when the latter are directed forward. The palpi are pale, with 
brown pigment on their inner faces; they are inserted at the sides 
of the prostomial lobe so as to leave only a small space between their 
bases and those of the prostomial antennae. 

Peristomial cirri are pale, short; the longest extends posteriorly to 
about the fifth parapodial segment, the shortest about as long as the 
prostomial antennae. The peristomial ring is only slightly longer than 
the next segment (fig. 2, c). 

The paragnathal armature consists of the following: Area I with 
2 larger, pointed cones in tandem and about 50 smaller cones of vary- 
ing sizes covering the space between the paired areas on II; area II 
with 8-10 larger cones, about as large as those on area 1V (areas I and 
II are confluent) ; area III with about 20 larger cones, these disposed 
in a longer outer row of 7 cones, and 2-3 shorter rows of similar 
cones; area [V with about 12 larger cones in 2 crescentic rows (areas 
III and IV are continuous). The cones on areas III and IV are the 
largest on the proboscis. Area V with about 50 minute cones, sepa- 
rated from one another and completely filling the space between the 
paired areas VI (fig. 2, d) ; area VI with 5 large, pointed cones dis- 
posed in a straight, transverse line, continuous with areas VIII; areas 
VII and VIII form a broad, continuous zone about one-half as broad 
as the oral ring is long, consisting of many tiny cones (well over 100) 
and a few larger points scattered among the tiny points. These 
paragnaths compare in size and form with those on areas I and V. 
The jaws are dark brown, with a curved fang and about 5 oblique 
teeth, 

Parapodia are lateral, the setigerous lobes moderately stout but not 
conspicuous. The dorsal ligule is approximately equitriangular 1n an- 
terior parapodia, its dorsal cirrus inserted on its dorsal, proximal base, 
and about twice as long as the ligule. Posteriorly, the dorsal ligule 
decreases gradually in size, and by the fortieth segment is much 
smaller than the dorsal cirrus (fig. 2, e¢). Ventral cirri are pale, small, 
not extending distally as far as the ventral lobe (fig. 2, e). 

Setae include (1) homogomph spinigers, with fairly short, serrated 
blade (fig. 2, f), (2) heterogomph spinigers, resembling the first in 
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size and form (fig. 2, g), and (3) falcigerous heterogomph falcigers 
(fig. 2,1) in neuropodia. There are no homogomph falcigers. 

Neanthes roosevelti approaches N. cricognatha Ehlers (1905, p. 29) 
from New Zealand, in having a large number of paragnaths. It 
differs, however, in having them disposed otherwise ; also, the poste- 
rior parapodial lobes differ in being much reduced in this species. . 

It is a pleasure to dedicate this species to the Honorable Franklin 
Delano Roosevelt, President of the United States, who sponsored the 
scientific studies made on the Presidential Cruise of 1938. 

Holotype —U.S.N.M. no. 20427. 


EUNICIDAE 
EUNICE BIANNULATA Moore 


Eunice biannulata Moore, 1904, p. 487. 
Eunice longicirrata, var., HARTMAN, 1938b, p. 97. 

Collection.—Station No. 8-38; 1 specimen. 

Length about 30 mm.; parapodial segments 2, 3, and 7 pale. Com- 
posite setae distally bifid; the stout simple hooks are bifid. Dorsal 
cirri faintly annulated. 

Distribution—Western Canada south to southern California; So- 
corro Island, Mexico. 


EUNICE AEDIFICATRIX Monro 
Fics. 3, a-b 
Eunice antennata SAvIGNy, aedificatrix Monro, 1933, p. 60. 


Collection.—Station Nos. 3-38, 5-38; 2 specimens. 

An anterior fragment of 83 segments is 36 mm. long and 4.5 mm. 
wide (station No. 5-38) ; another with 31 anterior segments is only 
12 mm. long. The prostomial antennae are closely moniliform, with 
12 to 15 articles. The peristomial tentacles are nearly smooth and 
about two-thirds as long as the peristomial ring. The branchiae are 
present from the sixth setigerous segment ; they are pinnate, the first 
with 3 filaments which are shorter and weaker than the dorsal cirri, 
the second have 6 filaments, the third 10 filaments, increasing to 15 
filaments at the fifteenth parapodium. From the twenty-fifth to the 
thirtieth segments the branchiae diminish in size, and at the fortieth 
they do not extend distally much beyond the dorsal cirri. At the 
eighty-third segment they are still present with 5 pinnate filaments. 
Posterior simple hooks are trifid (fig. 3, D). 
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This differs from FE. antennata Savigny in that the branchiae 
diminish in size after the thirtieth segment; the peristomial cirri are 
not annulated ; the composite setae are distally bifid (fig. 3, a). 





Fic. 3.—Species of Eunice, Polydora, Cirratulus, and Metachone. 


a-b, Eunice aedificatrix: a, composite seta, with bifid tip, * 195; b, simple, 
uncinigerous seta, with trifid tip, 105. 

c-k, Polydora tricuspa: c, a planktonic larva, in dorsal view, showing char- 
acteristic pigmented pattern, rounded prostomium, paratrochs on segments VI, 
VIII, XI, and XIV, and parapodial glands in segments VIII to XII, somewhat 
depressed under cover slip, * 60; d, a falcigerous and a tricuspid seta, unworn, 
from the dorsal fascicle of the 6th segment, 430; e and f, worn tricuspid 
setae from the same fascicle as that shown in figure d, X 430; g, a worn falcate 
seta from the same fascicle, X 430; h, a hooded crotchet for a neuropodium 
posterior to the 8th segment, & 430; 1, stout hooks from planktonic larva, x 570; 
jy, fascicle of capillary setae ventral to the hooks shown in 1, 570; k, anterior 
end of a 16-segmented larva showing small setal fascicle in segment I, and 
reduced neuropodial fascicle in II, depressed under cover slip, * 180. 

l, Cirratulus niger: an uncinigerous seta from a median parapodium, X 195. 

m-o, Metachone mollis: m, a spatulate notopodial seta, with minute mucron, 
x 195; n, a thoracic uncinus, from a median thoracic parapodium, X 195; 90, 
abdominal uncinus, from an anterior abdominal parapodium, X 105. 
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Monro described a parchment tube with specimens from Panama. 
No tubes were collected with the specimens at hand. 
Distribution—Panama ; Lower California, Mexico. 


EUNICE SCHEMACEPHALA Schmarda 


Eunice schemacephala SCHMARDA, 1861, p. 132; AUGENER, 1925, p. 28. 
Eunice fucata KH ERs, 1887, p. Of. 

Collection.—Station No. 30-38 ; 2 specimens. 

Two sexually mature individuals, one a male, the posterior portions 
broken and turgid with white gonadial products, the other a gravid 
female, the eggs olive green in alcohol. Setae are pale straw color, 
acicula dark. 

Augener (1925, p. 28) has discussed the synonymy of this common 
West Indian species, and at the same time identified his west African 
E. fucata (1918, p. 316) with another species. 

Distribution.—West Indies; Florida; Caribbean Sea. 


EUNICE (PALOLO) SICILIENSIS Grube 
Eunice siciliensis FAUVEL, 1923, p. 405; Monro, 1933, p. 62. 

Collection.—Station No. 9-38 ; 2 specimens. 

An anterior fragment with about 65 segments is 16 mm. long and 
2.5 mm. wide. It is pale except for black eyes and dark acicula. 
Heavy white calcareous mandibles protrude partly from the mouth. 
Branchiae are present from the forty-seventh parapodium to the end 
of the piece as simple filaments, exceeding the dorsal cirri in length. 
Composite setae are pale, distally bind. There are no simple neuro- 
podial hooks. 

Another specimen about 25 mm. long consists of about 100 poste- 
rior segments with anal ring, and a regenerated anterior end includ- 
ing prostomium and about 25 anterior segments. The ability to regen- 
erate lost anterior parts is not uncommon in this family. 

Distribution —Cosmopolitan, in tropical and subtropical seas. 


CHAETOPTERIDAE 
MESOCHAETOPTERUS MINUTUS Potts 
_Mesochaetopterus minutus Ports, 1914, p. 963; Monro, 1928, p. 92; 1933, p. 1052. 


Collection—Station No. 9-38; many tubes, some with their 
inhabitants. 

Numerous light, sand-covered tubes, to 50 mm. long and about 
I mm. wide. The sand covers a transparent chitinous tube in which 
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no annulations were observed. The occupants are difficult to extract 
entire from the slender tubes, but are probably very much shorter 
than the tubes they occupy. 

Distribution—Cape Verde Islands; Torres Strait Settlements ; 
Galapagos Islands ; Clipperton Island. 


SPIONIDAE 
POLYDORA TRICUSPA, n. sp. 
lanes, Bh Cale 


Collection—Station No. 15-38; 1 specimen. 

Length of 30 anterior segments is 5 mm., width 0.6 mm. Colorless 
except for 3 black eye spots, 2 of which are anterior, at the sides of 
the prostomium, and an unpaired one more posteriorly, on the prosto- 
mial ridge. A dark stripe marks the dorsal longitudinal vessel. 

The prostomium is rounded anteriorly, snoutlike, its length about 
as great as the base of the head is wide at the place where the palpi 
are inserted. The prostomial caruncle extends posteriorly as a low 
ridge to the anterior margin of the modified segment. The palpi have 
been lost. 

Branchiae are present from segment 8 (the second post modified) 
to segment 25, or 18 pairs. They are cirriform, recurved over the 
dorsum, slightly overlapping except in the last 3 branchial segments, 
where they are shorter. 

The second segment (first setigerous) has a dorsal fascicle of 
lanceolate setae. Segments 3-5 have lanceolate setae in notopodial 
and neuropodial fascicles. Segment 6 is modified, provided with 2 
kinds of stout uncini in the dorsal fascicle, and a small fascicle of 
slender lanceolate setae ventrally. The stout uncini include 4-5 pairs 
of (1) longer, pointed spines bent at the tip (fig. 3, d), and (2) 
-equally heavy, though somewhat shorter, triple pronged spines, ac- 
companying the pointed spines (fig. 3, d). On worn spines (figs. 
3, e-g) the tips are missing. No fine pennoned, companion setae were 
distinguished. Bifid hooded crotchets are present in neuropodia from 
the eighth segment. They have a long main fang, nearly at right 
angles to the main stem, and a distal tooth less than half as large 
(fig. 3, 1). All notopodia have only lanceolate setae. 

This single specimen is of unique interest because of its relation 
to observations made on planktonic larval forms during March to 
April, 1938. These studies were carried on at the Scripps Institution 
of Oceanography at La Jolla, Calif., under the ‘sponsorship of Dr. 
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Martin W. Johnson. Plankton tows were made from the end of a 
1,000-foot pier, along the open ocean. Frequently these tows contained 
larvae of a Polydora in which the modified hooks and hooded crotch- 
ets are strikingly like those in the unique specimen from James Island 
(cf. figs. 3, 7 and 3, d). Also, these pelagic larvae had up to 19 
setigerous segments, indicating a long pelagic life, and hence the pos- 
sibility of being widely disseminated by ocean currents. In spite of 
shore collecting in the vicinity of La Jolla, the adults were not recov- 
ered. Subintertidal zones were not examined. 

These larvae are characterized as follows (based on living larvae) : 
Each setigerous segment has a single black, irregular blotch over the 
middle dorsum; the prostomium is broadly rounded anteriorly (fig. 
3, c) ; there are 4 (more or less) eye spots; the palpi are stout, short ; 
ciliated paratrochs are present on segments VI (modified), VIIT, XI, 
XIV, and ciliated rings on the peristomium and anus. Parapodial 
glands are visible in segments VIII to XII (fig. 3, c); the first seg- 
ment (= peristomium) has a few short ventral setae which are per- 
haps lost later; the second segment has both dorsal and ventral fas- 
cicles, the ventral setae much the shorter, and not present in the adult 
(fig. 3, k) ; hooded crotchets are present from segment VIII; segment 
VI has two kinds of stout modified hooks (fig. 3, 7) identical with 
those in the specimen from the Galapagos Islands and a slender 
fascicle of 4 or 5 capillary setae (fig. 3, 7). No branchiae are visible. 

Polydora tricuspa differs from other species of Polydora in that the 
modified segment (VI) has 2 kinds of stout hooks, a falcate and a 
tricuspid, in addition to a ventral fascicle of lanceolate setae. The 
hooked crotchets are bifid; branchiae are limited to 18 segments. 

Holotype —U.S.N.M. no. 20428. 


Distribution.—Galapagos Islands ; southern California. 


Chik RAW UI DATE 
CIRRATULUS NIGER, new name 
IsiKey Ze )o) 

Cirratulus nigromaculata TREADWELL, 1902, p. 204, not GRUBE, 1870, p. 504. 

Collection Station No. 8-38; 3 specimens. 

Length to 13 mm., widest at about the tenth setigerous segment. 
General appearance dark, with pale tentacular cirri and white branchial 
filaments. Head and anterior end as shown by Treadwell (1902, p. 


204). Under high magnification the dark color resolves itself into 
diffuse dusky patches, darkest over the middorsum in the anterior 
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region. The prostomium is pale with a dark, median, longitudinal 
stripe. The white branchial cirri have narrow black rings. Parapodial 
tentacular filaments posterior to the branchial region are dark with a 
subdistal white ring, and a terminal dark point. 

The setae are pale, inconspicuous, and include pointed capillaries 
in both rami of the first 7 segments. More posteriorly, pointed setae 
alternate with thicker, uncinigerous setae. The latter are slightly 
curved (fig. 3,/) and terminate in a blunt point. 

Cirratulus nigromaculata Treadwell is preoccupied by Grube (1870, 
p. 504) for a species from the Red Sea. A new name is therefore 
proposed. 

Distribution.—Panama ; Socorro Island, Mexico. 


OPHELIIDAE 
POLYOPHTHALMUS PICTUS (Dujardin) 


Polyophthalmus pictus FAUVEL, 1927, p. 137. 
? Polyophthalmus australis TREADWELL, I914, p. 216. 

Collection.—Station Nos. 3-38, 5-38; numerous specimens. 

Length to 27 mm.; pigment pattern consists of rust-colored, trans- 
verse segmental bands dorsally, widest in the first 3 or 4 segments 
where they almost coalesce, and become narrower more posteriorly. 
The band is continued on the ventral side but interrupted ventro- 
laterally along the muscular ridge. There are 12 pairs of lateral eye 
spots. The prostomium is pale. 

P. australis Treadwell (1914, p. 216), from southern California, is 
perhaps this same species, since it is known to occur commonly in the 
littoral zones of southern California. 

Distribution.—Cosmopolitan, in warmer waters. 


ARMANDIA, sp. 


Collection.—Station No. 3-38; I specimen. 

In a collection with numerous individuals of Polyophthalmus pictus 
(Dujardin). Pale to white except for eye spots. Prostomium with 3 
black, embedded eye spots. Consists of 36 setigerous segments. The 
proboscis is partly everted in the form of 8 dichotomously divided 
lobes, the largest lobes near the middle of the series. The prostomial 
lobe (anterior to the mouth) measures about as long as the length 
from the mouth to the fourth parapodium. Lateral eye spots are oval, 
black, present from between segments 2/3 to 32/33, though a few are 
missing. Branchiae are cirriform, present from the second setigerous 
segment to the second last, or 34 pairs. 
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The anal tube, without its terminal cirri, is about as long as the last 
4 setigerous segments. It ends distally in 6 subequal cirri disposed in a 
crescent on the dorsal and lateral portions, and 2 ventral cirri, includ- 
ing a longer left and a shorter right, but both are larger than the 
lateral cirri. 

The single individual is translucent, and believed to be immature. 
It differs from known species of Armandia in (1) its greater number 
of segments (36 setigerous), (2) the presence of lateral eye spots 
posterior to the seventeenth segment, and (3) the small number of 
anal cirri, a total of 8. 


SABELELART DAE 
IDANTHYRSUS PENNATUS (Peters) 


Pallasia pennata FAUVEL, 1917, p. 262. 
Idanthyrsus pennatus Monro, 1933b, p. 1005. 
Collection—Station Nos. 9-38, 15-38; 1 specimen and dried tubes. 
Length to 55 mm. (Clipperton Island). The inside diameter of the 
tubes is approximately 5 mm.; the outer surface is covered with coarse 
yellow sand particles and shell fragments. 
Distribution Cosmopolitan ; littoral zones. 


TERDBELEIDAE 
NICOLEA GALAPAGENSIS Chamberlin 


Nicolea galapagensis CHAMBERLIN, I91Q, p. 427. 
Nicolea cetrata galapagensis AUGENER, 1933, Pp. 05. 

Collection—Station No. 19-38; 1 specimen. 

Length without tentacles about 50 mm.; color drab greenish gray 
in alcohol. There are 2 pairs of branchiae, the first somewhat larger 
than the second; and 19 ventral thoracic scutes, the last two not well 
marked. 

Distribution—Galapagos Islands; Australia (Augener). 


POLYMNIA NEBULOSA (Montagu) 


Polymnia nebulosa FAUVEL, 1927, p. 257; Monro, 1933b, p. 1072; OKuDA, 1937, 
p. 59. 
Collection.—Station No. 30-38 ; 3 specimens. 
The longest to 50 mm. without the tentacles, consists of 125 setiger- 
ous segments of which 17 are thoracic. 
Distribution.—Cosmopolitan, in warm seas. 
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SABELLIDAE 
SABELLASTARTE INDICA (Savigny) 
Sabellastarte indica AUGENER, 1914, p. 115; Monro, 1933b, p. 1079. 


Collection —Station No. 30-38; I specimen in tube. 

Length, removed from tube, is 73 mm., of which the tentacles com- 
prise 33 mm., and the abdomen 35 mm. Color in alcohol is brownish 
red. 

Distribution.—Cosmopolitan, in warmer seas. 


METACHONE MOLLIS Bush 
Fics. 3, m-o 
Metachone mollis BusH, 1904, p. 216. 


Collection.—Station Nos. 3-38, 5-38; 8 specimens. 

Length to 25 mm. without branchial crown, width to 5 mm. ; num- 
ber of segments to 44, including 8 thoracic setigerous segments and 
24-36 abdominal segments. The branchial crowns are lost from the 
larger specimens. On the smaller (9 mm. long) individuals there are 
6 pairs of filaments, the branchial web extends distally to within one- 
third or one-fourth of the ends of the filaments. 

Thoracic spatulate setae have an inconspicuous mucron (fig. 3, 7), 
obsolete in some. The thoracic uncini have a stout proximal fang and 
about 3 smaller teeth (fig. 3, 7). Abdominal uncini have teeth re- 
sembling those of the thoracic uncinigers but are not stalked (fig. 
3,0). The collar is entire, straight, the lobes not prolonged. 

Distribution.—California, south to Lower California, Mexico. 
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WO NEW GOBIOID FISHES COLLECTED ON THE 
PRESIDENPTALSECRUISE OF W1938" 


By ISAAC GINSBURG 
U. S. Bureau of Fisheries 


Two very interesting species of fishes, an eleotrid and a gobiid, 
which proved to be unknown to science, were collected during the 1938 
Presidential cruise, on Old Providence Island. Both diverge from 
the known species in their respective genera to a remarkable extent, 
and present features that should prove to be of value in interpreting 
the phylogenetic relationship of some species in this difficult and inter- 
esting assemblage of related species. . 

Numerical values of measurements stated in this paper refer to 
percentages in standard length. The given length of a specimen repre- 
sents the total length, including the caudal fin, unless otherwise stated. 


PYCNOMMA ROOSEVELTI, n. sp. 


Description.—Form elongate, body compressed, head conspicuously 
depressed. Snout blunt, especially when viewed from dorsal aspect. 
Mouth moderately oblique, terminal ; a horizontal through distal mar- 
gin of upper lip approximately bisecting eye; lower jaw slightly pro- 
jecting. Maxillary medium, its posterior end approximately under 
middle of eye. Interorbital narrow. Tongue free, broad, with a nearly 
straight edge in front, only very slightly emarginate. Teeth in 3 rows, 
those in outer and inner rows enlarged; in upper jaw teeth in outer 
row strongly enlarged, extending nearly to angle of mouth, inner 
teeth moderately enlarged near symphysis only; in lower jaw outer 
enlarged teeth of about same size as outer teeth of upper jaw, nearly 
confined to front, not extending far on side, inner row extending 
about half the distance from symphysis to angle of mouth, the hind- 
most 2 or 3 very strongly enlarged, caninoid, the middle row of 
smaller teeth extending nearly to angle of mouth. No spine at angle 
of preopercle. Scales extending forward to a vertical approximately 
through origin of first dorsal, in about 26 oblique rows to base of 
caudal (some of the scales missing and accurate count not possible) ; 
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line marking anterior boundary of scales roughly curved, convex 
anteriorly, resulting in bare areas above and below, that near dorsal 
profile tapering backward approximately to origin of second dorsal, 
that at ventral profile to anal opening; anterior scales cycloid, but 
moderately smaller than posterior ones, the latter moderately spinu- 
liferous, the spinules few in number, confined to the median area, in 
a single row at margin; caudal with a transverse row of 4 scales at 
its base, the outer scale in the row, above and below, conspicuously 
modified, ovoid, the spinules at the side markedly long, gradually de- 
creasing in length toward a median longitudinal line, the 2 middle 
scales in the row of nearly the same size as the outer ones but rounded 
in form with the spinules not modified, approximately the same as in 
adjacent scales on caudal peduncle; no scales on antedorsal distance, 





Fic. 1.—Pycnomma roosevelti; from the holotype, U.S.N.M. no. 108139; 20 mm. 
Drawn by Andrew Pizzini. 


head, base of pectoral, throat, or midline of belly. First dorsal with 
7 flexible spines, the first spine longest, reaching base of first or second 
dorsal ray, the others gradually decreasing in length. Second dorsal 
with 10, anal with 9 rays; those of anal nearly reaching a vertical 
through end of hypural, those of dorsal falling short of that vertical. 
Pectoral with 16 rays, its tip reaching a vertical approximately 
through origin of second dorsal. Ventrals completely separated, the 
tips falling at some distance short of anus. Caudal rather short. Mu- 
cous pores present on head. 

Body with a diffusely and irregularly cross-banded color pattern, 
with 6 dark bands against an olive grayish background; the bands 
broad, somewhat oblique, diffuse, without sharp boundaries, some- 
times more or less interrupted ; a better-marked, darker, vertical band 
at base of caudal, partly on fin and partly on caudal peduncle ; a trans- 
verse, diffusely dark area at anterior margin of opercle; a dark band 
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from front of eye running obliquely downward and forward, a more 
diffuse one back of eye running downward and backward ; 2 narrow 
elongate spots on midline of nape; 2 small diffuse spots, one behind 
the other, back of eye; the 2 dorsals with dark, oblique, bandlike areas, 
alternated with lighter areas ; other fins more or less dusky, anal dark- 
est, becoming nearly black distad; a small dark spot on pectoral near 
its upper anterior corner, a larger, more diffuse blotch on its fleshy 
base, below. 

Measurements —The type, 16 mm. in standard length. Caudal 
about 27, ventral 27, pectoral 26, depth 17, least depth of caudal 
peduncle 14, head 30.5, postorbital part of head 21, head depth directly 
behind eye 15, head width at same point 19, maxillary 12.5, snout 7.5, 
eye 8, antedorsal distance 38.5. 

Holotype —U.S.N.M. no. 108139; Old Providence Island; August 
6, 1938; obtained on the Presidential cruise; W. L. Schmitt collector ; 
about 20 mm., the caudal slightly broken at posterior margin, but 
apparently representing nearly entire length. 

Paratype—Another specimen, 18 mm., obtained with the type. 

Both specimens are probably males, judging by the anal papilla, 
but this structure is not decisively of the male type, and the sex of the 
two specimens is somewhat doubtful. 

Distinctive characters and relationship.—This species agrees more 
nearly with Pycnomma semisquamatum Rutter from the Gulf of Cali- 
fornia, judged by the published account of that species, than with any 
other known American goby. It differs strikingly from that species in 
that the squamation extends much farther forward, to under the 
beginning of the first dorsal, instead of to under its end. The scales in 
P. roosevelti appear to be larger and there are one or two fewer rays 
in the vertical fins. This is the first species of Pycnomma from the 
Atlantic, and the second species of the genus now to be made known. 

This species is named in honor of President Franklin D. Roosevelt. 


GARMANNIA GEMMATA, n. sp. 


Description—Form elongate, head and body compressed. Mouth 
medium, oblique, terminal, a horizontal through distal margin of 
upper lip passing nearly through lower margin of eye; lower jaw 
slightly shorter in front than upper. Maxillary medium, its end fall- 
ing below space between posterior margins of pupil and eye. Outer 
row of teeth in both jaws enlarged, smaller teeth behind; outer row 
of upper jaw extending nearly to angle of mouth, that of lower jaw 
nearly confined to front; lower jaw with 2 inner caninoids, a little 
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nearer angle of mouth than symphysis. Shoulder girdle without papil- 
lae. No fold in front of dorsal. Isthmus restricted, attachment of 
branchiostegal membrane at lower angle of pectoral base. Scales con- 
fined to caudal peduncle, extending forward to a vertical through base 
of last dorsal ray, ctenoid, large, imbricated, almost wholly covering 
caudal peduncle, 5 in a median longitudinal row to base of caudal; 
4 large scales in a transverse row on caudal base; no other scales. 
First dorsal with 7 flexible spines, the first only a little prolonged in 
male, reaching base of first ray. Second dorsal with 12 or 13 rays; 
anal with 10 or I1 rays; tip of posterior dorsal rays falling a little 
short of a vertical through end of hypural, those of anal considerably 
short. Pectoral with 15 or 16 rays. Ventral short, ending at a consid- 





Fic. 2.—Garmannia gemmata; from the holotype; U.S.N.M. no. 107291; male, 
19 mm. Drawn by Andrew Pizzini. 


erable distance before anus; the interspinal membrane not well devel- 
oped. Caudal short, rounded. 

Body nearly uniformly and very moderately dusky; very feeble 
traces of cross-bands, somewhat better marked when viewed from 
dorsal aspect ; the nearly evenly distributed chromatophores of two 
sizes, fine and coarser ones, the latter especially numerous on back and 
caudal peduncle ; head darker than body, irregularly shaded. Caudal 
distinctively and prettily spotted, when viewed under magnification 
arrangement of very small individual spots as follows: in a large 
median area near base of fin 1 spot, usually elongate, set like a jewel 
in every fin ray joint, surrounded marginally by a light region; near 
upper and lower margins and posteriorly 2 smaller spots, one behind 
the other, often only 1 and sometimes 3 similar spots similarly set in 
every joint; the characteristic arrangements of spots disappearing 
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where rays split to form narrow branches. Anal with a supramargi- 
nal, black, diffuse band; rest of fin and other fins more or less dusky, 
the 2 dorsals darkest. 

Measurements.—Female 14 mm. in standard length. Ventral 21.5, 
depth 23, least depth of caudal peduncle 13.5, head 27, postorbital part 
of head 18, head depth directly behind eye 16.5, head width at same 
point 14.5, maxillary 12, snout 7, eye 8, antedorsal distance 38. Caudal 
in a male 19 mm., 23.5. 

Holotype-—U.S.N.M. no. 107291; Old Providence ‘Island; Au- 
gust 6, 1938, obtained on the Presidential cruise; W. L. Schmitt col- 
lector ; male 19 mm. 

Paratypes.—Female 14 mm. in standard length, obtained with the 
type. Bingham Oceanographic Collection: Barahona Harbor, Santo 
Domingo; John C. Armstrong; July 13, 1933; female 13 mm. in 
standard length. 

The specimen from Santo Domingo differs somewhat in color from 
the two from Old Providence Island. There is no trace of cross- 
bands. The prevailing color is considerably darker. It is almost uni- 
formly dark all over, except a large conspicuously lighter area on 
side and underside of the belly. The lighter area is abruptly delimited 
from the dark shade on the back; the line of demarcation is a longi- 
tudinal through the upper angle of the pectoral. However, in the num- 
ber of fin rays, the distinctive spotting on the caudal, and its general 
shape and appearance it agrees with the other 2 specimens. The scales 
are nearly all missing, but the traces of scale pockets left show that 
the extent of squamation is about the same as in those 2 specimens. 
It is apparently conspecific with them. 

Distinctive characters and relationship.—This species shows a com- 
paratively high degree of divergence from Garmannia paradoxa 
(Gtinther), the genotype, and the two are evidently relatively remote 
in their relationship. G. gemmata differs strikingly in having the 
squamation much less extensive and in having a compressed, instead 
of a depressed, head. Striking differences are also found in the lateral 
line organs. These structures which have been hitherto neglected in 
studies of the American gobies will be considered in a systematic man- 
ner in a later paper. The new species differs from paradoxa also in 
having fewer pectoral rays. 
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SEONGES, COLLEGCTEDYON THE PRESIDENTIAL 
CRUISE (OF 1938 


By M. W. pe LAUBENFELS 
Pasadena Junior College 


In the summer of 1938 President Franklin D. Roosevelt made a 
trip from San Diego to the Galapagos Islands, through the Panama 
Canal (August 5), stopping at Old Providence Island in the extreme 
western Caribbean Sea, and thence returning to Washington, D. C. 
Thirteen species of Porifera were collected and preserved by Dr. 
Waldo L. Schmitt, of the United States National Museum, Naturalist 
to the expedition, with assistance from various members of the ship’s 
personnel. 

The sponges in the following annotated list are arranged in sys- 
tematic order. A new species (No. 5 below) of the genus Mer- 
riamium. I take pleasure in naming M. roosevelti for the President of 
the United States, whose interest in marine zoology made possible this 
very successful expedition. In certain instances reference is made to 
species which were also collected in the same area by the Hancock 
Pacific Expeditions on the motor cruiser, Velero III, under the 
direction of Captain G. Allan Hancock, owner and sponsor. 


ANNOTATED LIST OF SPONGES 


1. Haliclona enamela de Laubenfels 1930, p. 28. One specimen col- 
lected July 25 at Clipperton Island (Galapagos). This species 
was originally described from Southern California. It has been 
collected by Capt. Allan Hancock in Mexico and on Charles 
Island (Galapagos). 

2. Haliclona permollis (Bowerbank) 1866, p. 278. Two specimens 
collected July 26 at Albemarle Island (Galapagos). This 
species was originally described from British waters, but is 
cosmopolitan. Captain Hancock collected it, also at Albemarle 

* Island. 

3. Adocia simulans (Johnston) 1842, p. 109. One specimen collected 
July 26 at Albemarle Island (Galapagos). This species was 
originally described from British waters, but is cosmopolitan. 
Captain Hancock collected it, also at Albemarle Island. 
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4. Callyspongia vaginalis (?) (Lamarck) 1814, p. 436. One small 
specimen collected July 21 at Clipperton Island (Galapagos). 
This species is nearly cosmopolitan. The specimen in question 
does not agree well with ordinary examples of vaginalis, but is 
approached by occasional specimens. 


oe MERRIAMIUM ROOSEVELTI, n. sp. 
Fig. I 


Holotype—The sponge (U.S.N.M. no. 22614) was scraped from 
an old anchor chain at Elizabeth Bay, Albemarle Island, Galapagos, 
July 26, 1938 (sta. 20-38). It covers some other object, perhaps a 
barnacle, and is I or 2 mm. thick. 





Ay o 

x 

ie 49 v if 2 = : 
c Ce 8 


Fic. 1.—Merriamium roosevelti. A, dermal tylote; B, endosomal 
acanthostyle; C, arcuate isochelas. All X 500. 


Description—Color nearly white, consistency soft. The entire or- 
ganism is very fine-grained, with pores and oscules too small to be 
made out. The most remarkable items involved concern the skeleton ; 
three sorts of spicules are present. 

1. Ectosomal special spicules are tylotes 3 by 180 micra. 

2. Endosomal spicules are abundant acanthostyles, heads with tubercles 
rather than spines, size 11 by 120 to 15 by 170 micra. 

3. Microscleres are abundant arcuate isochelas with a semicircularly 
curved shaft and very small clads; the chord diameter varies from 
21 to 24 micra. 

Remarks.—A review of the genus Merriamium and a key to its 
several species is here presented to indicate better the relation of the 
new species to the members of the genus and also their relation to each 
other. 


LIST OF PREVIOUSLY KNOWN SPECIES OF THE GENUS MERRIAMIUM 


a. Merriamium. atlanticum was described as Ectyodoryx a. by Steph- 
ens, 1916, p. 238, from Ireland. The ectosomal spicules are 
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inequiended strongyles. The endosomal spicules vary from en- 
tirely spined to spined only on the heads. All the spicules are 
much larger than in rooseveltt. 

b. Merriamium buchani was described as Lissodendoryx b. by Top- 
sent, 1913, p. 626, from the Antarctic. The ectosomal spicules 
are tylotes. The endosomal spicules are only rarely tuberculate, 
and all the spicules are much larger than in roosevelti. 

c. Merriamium certum was described as Dendoryx c. by Topsent, 
1892, p. 99, from the North Atlantic. The ectosomal spicules 
are hastate tornotes. The endosomal spicules are acanthostyles © 
(not tylote) and both sorts are much larger than in rooseveltt. 
The microscleres are two sizes of arcuate isochelas, very dif- 
ferent in shape from those of roosevelti. 


S 


1. Merriamium clavigerum was described as Esperella c. by Levinson, 
1886, p. 360, from the Arctic. The ectosomal spicules are 
oxeas nearly three times as large as the ectosomal tylotes of 
rooseveltit. The other spicules are more nearly like those of 
roosevelti than is true of most species in the genus, but differ 
in many little details of shape. 

e. Merriamium kymum was described as Lissodendoryx k. by de 
Laubenfels, 1930, p. 27, from California. Both the ectosomal 
spicules and the microscleres are somewhat like those of roose- 
velti, but the endosomal spicules are about twice as thick and 
more than twice as long, and are mostly smooth ; only an occa- 
sional one has a few scattered spines. 

f. Merriamium lindgreni was described as Dendoryx mollis by Lind- 
gren, 1897, p. 482, and given the new name lindgreni by de 
Laubenfels, 1936, p. 83, because there was already another 
Dendoryx mollis. It is an East Indian species. The ectosomal 
spicules are much like those of roosevelti, but the endosomal 
spicules are nearly twice as long, but not thicker, and lack the 
tylote modification. The microscleres are much larger and of a 
different shape than those of rooseveltt. 

g. Merriamium lobosum was described as Lissodendoryx lL. by Lund- 
beck, 1905, p. 154, from the Arctic. All the spicules are much 
as in M. lindgreni, but the microscleres differ radically in shape 
from those of all others of the genus. 

h. Merriamium lundbecki was described as Lissodendoryx 1. by Top- 

sent, 1913, p. 41, from the North Atlantic. The spicules are 

much like those of M. clavigerum (d, above) but the endosomal 
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acanthostyles lack the tylote modification, and the microscleres 
are of two size ranges (60 micra and 23 micra). 

1. Merriamium maculatum was described as Ectyodoryx m. by 
Hentschel, 1911, p. 342, from West Australia. The ectosomal 
spicules are hastate tornotes with swollen ends. The endosomal 
spicules range from smooth styles to by 244 micra to acantho- 
styles 9 by 120 micra. The microscleres are commonplace. 

j. Merriamium paupertas was described as Hymeniacidon p. by Bow- 
erbank, 1866, p. 223, from Great Britain. Various authors re- 
port it from many locations in the North Atlantic. The ec- 
tosomal spicules are hastate tornotes. The endosomal spicules 
are acanthostyles ranging from shorter ones entirely spined to 
longer ones partly smooth. The microscleres are very much 
like those of roosevelti. 

k. Merriamium sophium was described as Esperia s. by Fristedt, 
1887, p. 451, from the Arctic. The ectosomal spicules are 
strongyles, with ends sometimes microspined. The endosomal 
spicules are acanthostyles up to 578 micra long. The micro- 
scleres are, as in all this genus, arcuate isochelas. 

I. Merriamium stylodermum was described as Lissodendoryx s. by 
Hentschel, 1914, p. 101, from the Antarctic. The ectosomal 
spicules are hastate tornotes. The endosomal spicules are 
acanthostyles only partly spined, 15 by 284 micra. The micro- 
scleres have a very peculiar shape. 

m. Merriamium tortugasensis was so described by de Laubenfels, 
1936, p. 83, simultaneously with the establishment of the genus, 
and is the genotype. It is from the West Indies. The ectosomal 
spicules are hastate tornotes. The endosomal spicules are thin 
acanthostyles, 5 by 180 micra. The microscleres are com- 
monplace for the genus. 


It may be noted that the generic characteristics include a principal 
(endosomal) skeleton of spiny monactinal spicules with a special der- 
mal skeleton of smooth diactines, and microscleres that are exclusively 
arcuate isochelas. 


KEY TO THE SPECIES OF THE GENUS MERRIAMIUM 


(The letter in parentheses following each species name corresponds 
to the lettering of the species in the review of the genus Merriam 
just preceding. ) 
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I. The dermal diacts are hastate tornotes. 
A. The isochelas are typically arcuate. 
1. The principal spicules are entirely spined. 
a. The microscleres are of one size range. 


ieePrincipall spicules about 5) imicral thick... . ssn. tortugasensis (m) 
ii. Principal spicules about 10 micra thick.............. maculatum (1) 
be hesmicrosclenes) areomtworsizemanges.ys-maciee seer e lundbecki (h) 
2. The principal spicules vary from shorter, entirely spined, 
fomlonger: onlyapartially sspined e.c.cnee «tee ccecicie ms paupertas (j) 
3. The principal spicules have extremely few, blunt spines..... buchani (b) 
B. The isochelas have peculiar, long, thin, lateral alae...... stylodermum (1) 
Wit hiesdermaliidiactswane Oxeasnn sence a dees cio ee clei oc cre lees clavigerum. (d) 


III. The dermal diacts are strongyles. 
A. The principal spicules up to 950 micra, microscleres to 


GOMETINL Gira Pees corse rot ete ae eae ore aan aie eve epene seers alee atlanticum (a) 
B. The principal spicules under 518 micra, microscleres under 
SAMMEITI GLA ee ota Seana step er ea oceuc fen ale oye scecuets CAS See et eh ah epatie ies erevaiie act als sophium (1k) 


IV. The dermal diacts are tylotes. 
A. The isochelas have peculiar, thin, sharp, lateral alae, 
Is CQUNOAMIGE COMMON EGS 6 doudnuaoconsnaboupsoboooucousoONemE certum (c) 
2walsopnayvines a peculiarly, keeled! central) sShattee...-4-— 5-2-4: lobosum (g) 
B. The isochelas are typically arcuate. 
1. The principal spicules are very thick (over 20 micra) and 


Seancelhy gqnimadl ae Lilla eagonecucasegooooend ovoobacdeoabe kymum (e) 

2. The principal spicules are entirely spined, and 
a. about 8 micra thick; the chelas about 36 micra.......... lindgrent (£) 
b. about 15 micra thick; the chelas about 24 micra............ roosevelti 


6. Tedania nigrescens (Schmidt) 1862, p. 74. Three specimens, col- 
lected at James Island (Galapagos), July 24, and one speci- 
men collected in Mexico (Magdalena Bay), July 18. This 
species is nearly cosmopolitan. It was also collected by Captain 
Hancock on Albemarle Island (Galapagos), also in Mexico 
and Central America. 

7. Higginsia papillosa Thiele 1905, p. 428. Four specimens, collected 
July 26 at Albemarle Island (Galapagos), two preserved dry. 
This species was originally described from Chile. Captain 
Hancock also collected it at Albemarle Island. 

8. Cliona celata Grant 1826, p. 79. Two specimens, collected July 26 
at Albemarle Island (Galapagos), both preserved dry. This 
species was originally described from British waters, but is ex- 
tremely cosmopolitan. 

9. Geodia paupera Bowerbank 1873, p. 329. Three specimens, two 
collected at Albemarle Island (Galapagos), July 26, and one at 
James Island, July 24. This species was originally described 
from specimens of unknown locality. Captain Hancock also 
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collected it from two islands of the Galapagos archipelago, 
namely Albemarle and Tower. 

10. Geodia gibberosa Lamarck 1815, p. 333. One specimen, collected 
August 6 at Old Providence Island, Caribbean Sea. This 
species was originally described from the West Indian region, 
where it is widespread and abundant. 

11. Tethya diploderma Schmidt 1870, p. 52. One specimen, collected 
August 6 at Old Providence Island, Caribbean Sea. This 
species was originally described from the West Indies, where 
it is very widespread and common. 

12. Leucosolenia canariensis Miklucho-Maclay 1868, p. 230. One 
specimen collected at Old Providence Island, Caribbean Sea, 
August 6. This species was described originally from the 
Canary Islands, and recorded as being also West Indian by 
de Laubenfels in 1936. The specimen in the present collection 
has remarkably large triaxons, and remarkably few tetraxon 
spicules, but otherwise agrees rather well with the specimens 
previously described. 

13. Oligoceras (?) sp. Three small specimens of Keratosa were col- 
lected August 6 at Old Providence Island. No one of them is 
large enough for satisfactory identification. 
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NEW DICROCOPLIID TREMATODE COLLECTED ON 
TEP PRESIDENTIAL CRUISE 
OF 1938 


By ALLEN McINTOSH 
U.S. Bureau of Animal Industry 


Herein is described a new species of trematode belonging to the 
genus /nfidum Travassos, 1916. This species is based on a single 
specimen obtained by John T. Lucker from the gall bladder of a 
“jubo” snake, Orophis (Dromicus) hoodensis. This snake was col- 
lected on the Galapagos Islands by members of the 1938 Presidential 
Cruise. After death of the snake in the National Zoological Park, 
where it had been exhibited, it was referred to Dr. Doris M. Cochran, 
Division of Herpetology, United States National Museum, for pre- 
serving and identification. 


INFIDUM LUCKERI, n. sp. 


Description—Body oblong, 3.31 mm. long by 1.62 mm. wide: cuti- 
cula without spines but with what appear to be fine longitudinal ridges. 
Oral sucker subterminal 412 in diameter ; acetabulum pre-equatorial, 
412p by 444. Pharynx 174» in diameter; oesophagus very short ; 
intestinal crura ending at different levels in the third fourth of body. 
Excretory pore subterminal, dorsal. Testes oval, about 200p by 238p, 
with zones partially coinciding and fields separate, situated near level 
of posterior rim of acetabulum. Vasa efferentia uniting at base of 
cirrus sac dorsal to acetabulum; cirrus sac extending from near level 
of center of acetabulum to genital pore, the later located to left of 
median line at level of crural fork and ventral to outer margin of left 
crural branch. Ovary oval, 174u by 222, median, its anterior margin 
at level of posterior rim of acetabulum. Laurer’s canal and seminal 
receptacle present, but somewhat obscured by Mehlis’ gland and vitel- 
line reservoir which are located immediately posterior to ovary. Vitel- 
laria extending from near level of anterior margin of acetabulum to 
slightly beyond middle of body. Uterus extending to near posterior 
end of body, with few coils slightly overlapping crura ventrally. Eggs 
light yellow, 26u by 16x. 

Habitat—Gall bladder of Orophis (Dromicus) hoodensis (U.S. 
Nat. Zool. Park no. 7485). 
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Distribution.—Hood Island, Galapagos Islands. 
Specimen.—U.S.N.M. Helm. Coll. no. 43409 (type; fig. 1). 
The genus to which the new species is assigned was proposed by 


Travassos (1916, Brazil-Med., vol. 30, pp. 257-258) for two dicro- 
eliids, Dicrocoelium infidum Faria, 1910, and Infidum similis Travas- 
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Fic. 1.—Infidum luckeri, new species. 


sos, 1916, from Brazilian snakes. Infidum luckeri is the third species 
to be assigned to the genus. The three species may be separated by the 
following key: 


I. 


vy 


Vitellaria extending anteriorly to level of genital pore or beyond 
I. infidum (Faria) 
Vitellaria extending anteriorly only as far as level of anterior margin of 


ACO tabual way va cheis dec ccelocsirouever Suave ote eye ereisyane sie usin ton teteeete ole aiegs aacesyetege ieee 
Distance from tip of intestine to level of vitelline zone about equal to length 
of vitellaria’ idee Soba wise s sera eei eemncrmeraeariarere creators I. similis Travassos 


Distance from tip of intestine to level of vitelline zone much shorter than 
length of ‘vitellarias ic) foe .ccndee crt eeivieeeeiienk ee I. luckeri, n. sp. 
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LOEVELAD WORMS, COLLECEED ON THE 
PRESIDENTIAL, CRUISE OF 1938 


By LIBBIE H. HYMAN 
American Museum of Natural History, New York City 


The material consisted of four vials of polyclads collected at vari- 
ous points along the shores of the Galapagos Islands and Old Provi- 
dence and Clipperton Islands by Dr. Waldo L. Schmitt during the 
Presidential Cruise of 1938. Each vial contained a different species 
represented in three vials by a single specimen, in the fourth vial by 
two specimens. All of the worms were badly crumpled and folded 
and it was necessary to straighten them out forcibly before any work 
could be done on them. This has resulted in some distortion of parts 
and has produced folds and wrinkles in the body surface, but the 
material is adequate for the determination of the necessary points of 
anatomy. All of the specimens were stained as whole mounts with 
dilute acidified borax carmine and, after they were studied and drawn, 
the sexual region was removed in the case of three species and cut 
into sagittal serial sections. The study of the material has shown that 
it comprises two species of Notoplana, one of Euplana, and one of 
Prosthiostomum, all of which appear to be undescribed forms. 


NOTOPLANA INSULARIS, n. sp. 
Figs. 1-3 


Description—tThe single specimen, somewhat contracted and folded 
(fig. I), is 9 mm. long and 3 mm. wide at the widest part, obviously 
much longer in life, of elongated oblong shape, tapering somewhat 
posteriorly. Color not determinable. Pharynx small with a few folds, 
embraced by the uteri which come to a point anteriorly behind the 
brain. Eyes (fig. 2) in paired elongated bands, tentacular clusters 
thus not separated from cerebral groups; tentacular groups evident 
as rounded group in each band at about the level of the middle of 
the brain. Eyes unusual in that cerebral eyes are of the same size as 
tentacular eyes. Posterior half of specimen made into serial sections. 
Copulatory apparatus (fig. 3) typical of the genus. Seminal vesicle 
oval, with thick muscular wall of fibers parallel to the surface con- 
tour. Ejaculatory duct curves backward and after a short course 
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enters the oval prostate vesicle, which is smaller than the seminal 
vesicle. This has a moderately thick muscular wall of fibers parallel 
to the surface contour, penetrated by the ducts of the extracapsular 
prostate glands. Ejaculatory duct projects into prostate vesicle for 
about three-fourths the length of the latter. No penis papilla. A 
relatively short stylet springs directly from the prostate vesicle; it 
lies in a moderately long tubular male antrum which curves grace- 
fully ventrally and posteriorly to the male genital pore. Male antrum 
with a muscular wall of inner longitudinal and outer circular fibers. 
Female pore shortly behind male pore; canal leading in from surface 
probably artificial caused by straightening of the specimen. Vagina 
of moderate width with coating of circular muscle fibers ; curves pos- 
teriorly and widens where it receives the uteri ; beyond this, wide stalk 
of Lang’s vesicle curves down, then posteriorly, and opens into the 
very long large Lang’s vesicle. 

Remarks.—N otoplana insularis does not closely resemble any of 
the known species from adjacent islands of the Caribbean and West 
Indies, but seems more nearly related to N. stylifera from Juan Fer- 
nandez, from which, however, it differs in several details, which will 
be apparent on comparison of my figures with those of Bock. 

Differential diagnosis.—Tentacular and cerebral eyes in one band, 
cerebral eyes of same size as tentacular eyes, seminal vesicle larger 
than prostate vesicle, no penis papilla or penis sheath, penis stylet 
short, male antrum tubular, vagina widened at entrance of uteri. 

Locality—Shores, Old Providence Island. Collected by Dr. Waldo 
L. Schmitt, August 6, 1938. 

Holotype—Anterior half as whole mount; posterior half as sagit- 
tal serial sections, U.S.N.M. no. 20423. 


NOTOPLANA CARIBBEANA, n. sp. 
Figs. 4-8 


Description—One large specimen, 33 mm. long, 13 mm. wide at 
widest part, of elongated wedge form, widest anteriorly, tapering 
gradually to obtuse posterior end (fig. 4). Color not determinable. 
Eyes in paired bands in which the tentacular clusters are included 
(fig. 5). Some indications of tentacles in center of tentacular eye 
clusters ; tentacular eyes obviously larger than cerebral eyes ; cerebral 
eyes small, forming elongated group anterior to tentacular group and 
few scattered eyes behind tentacular group. Pharynx long, very nar- 
row, with many small folds, embraced by uteri which come to a point 
in front of pharynx (fig. 4). Sexual region removed and cut into 
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sagittal serial sections. Male and female pores considerably sepa- 
rated, forming large oval openings. Crescentic seminal vesicle im- 
mediately behind posterior end of pharynx has very thin wall of 
muscle fibers paralleling its external contour. Seminal vesicle opens 
directly into large spherical chambered prostatic vesicle without the 
intervention of a duct; ejaculatory duct projects only a short dis- 
tance into prostatic vesicle (fig. 6). Small penis papilla at beginning 
of male canal leading away from prostate vesicle. This canal, similar 
to penis pocket of other Notoplanas, is remarkably long and slender ; 
runs backward above excessively muscular mass surrounding the 
male antrum and opens into posterodorsal angle of this antrum. Male 
antrum large with long anterior extension and lined by a tall epithelium 
filled with granules of glandular nature ; male antrum surrounded by 
thick powerful muscle fibers running mostly lengthwise filling all 
space between antrum, prostate vesicle, and penis pocket. Posterior 
wall of antrum also muscular. Antrum opens below by large oval 
male genital pore. 

Large oval female pore considerably behind male pore (relative 
positions shown in fig. 4). Pore opens into wide funnellike female 
antrum (fig. 7) with very folded walls; this appearance may be due 
to the straightening of the specimen. Tall lining epithelium of female 
antrum has glandular appearance. Vagina proceeds anteriorly from 
female antrum, makes sharp posterior bend, and some distance be- 
yond the bend receives the uteri. Beyond uteri long slender stalk of 
Lang’s vesicle runs backward and downward and opens into elongated 
oval Lang’s vesicle. Vagina and stalk lined by ciliated epithelium, 
outside of which is a fibrous coat which does not appear to be muscu- 
lar. Numerous cement glands open into vagina and beginning of 
vesicle stalk. Lang’s vesicle lined by very tall epithelium, the distal 
two-thirds of which is filled with eosinophilous spherules (fig. 8). 
These suggest an eosinophilous secretion, but it is more probable that 
they are digesting material. Lang’s vesicle probably serves to digest 
excess sex cells as well as for a seminal receptacle. 

Remarks.—This species undeniably bears a very great resemblance 
in size, shape, and the details of the copulatory apparatus to Notoplana 
binoculata (Verrill) 1901 (syn. Notoplana bahamensis Bock 1913) 
of which Bock has given a good description, supplemented by some 
remarks in a recent paper of mine (Hyman, 1939). The similarity of 
N. caribbeana to N. binoculata is not surprising, in view of the prox- 
imity of Old Providence Island to the Bahamas, and there still re- 
mains a little doubt in my mind that I am justified in making a dis- 
tinct species of N. caribbeana. The following differences may be 
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noticed between the two species. In N. caribbeana the cerebral eyes 
are much smaller than the tentacular eyes and on the same level, 
whereas in N. binoculata they are of nearly the same:size as the ten- 
tacular eyes and so deeply buried that they were overlooked alto- 
gether by Verrill (whence the name binoculata). The seminal vesicle 
of N. caribbeana is much larger and thinner walled than that of 
N. binoculata, its male canal is longer and the male antrum is of dif- 
ferent shape and lacks the two hillocks found in N. binoculata to 
which I have called attention. The female apparatus of the two species 
is very similar, but in NV. caribbeana the vagina and stalk of Lang’s 
vesicle appear to be longer than in NV. binoculata (although these differ- 
ences may depend simply on the size of the specimen) and the cement 
glands extend farther along the female apparatus than in N. binocu- 
lata. These differences seem to justify the separation of the forms 
as distinct species. Bock has placed N. binoculata in his group B, 
typified by NV. atomata, but admits that it is not closely related to the 
members of this group. I suggest that NV. binoculata and N. caribbeana 
be considered to constitute a separate group of the large genus 
Notoplana, characterized by the long male canal and the large 
extremely muscular male antrum. 

Differential diagnosis.—N . caribbeana differs from other Notoplanas 
except NV. binoculata in the long slender male canal, large male antrum 
with an anterior extension, and excessive muscularity of the anterior 
wall of the male antrum, whose muscle fibers fill all the space between 
antrum and seminal vesicle. Differences from N. binoculata are 
listed above. 

Locality—Shores of Old Providence Island. Collected by Dr. 
Waldo L. Schmitt, August 1, 1938. 

Holotype—Whole mount with sexual region removed; set of 
sagittal sections of sexual region, U.S.N.M. no. 20424. 


EUPLANA CLIPPERTONI, n. sp. 
Figs. 9-12 


Descriplion—Two specimens, larger 17 mm. long, 7 mm. wide 
across widest part, not quite fully mature sexually, elongated, widest 
at about the level of the brain, tapering posteriorly, much folded and 
contracted, evidently much longer and more slender in life (fig. 9). 
Smaller specimen very young, 6.5 mm. in length, obovate, with no 
trace of sex organs. Color not determinable. With evident tentacular 
groups of eyes, consisting of 3 large eyes and 4-6 smaller ones 
(fig. 10). Cerebral eyes loosely arranged, scattered, radiating in a 
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linear arrangement along the principal nerve trunks (fig. 10). Of the 
cerebral eyes, there are two large ones close to the cerebral mass of 
granules characteristic of many Acotylea, and some large ones in a 
row along the bases of the main anterolateral nerve trunks (fig. 10). 
The smaller eyes are peripheral to the large ones, radiating along the 
nerve trunks. Small specimen (fig. 11) has same number and arrange- 
ment of large eyes as the larger specimen, but the smaller eyes have 
not yet appeared. Pharynx relatively small with small lateral folds. 
Sexual region of larger worm removed and sectioned. Conclusion 
from study of whole animal that sexual maturity had not quite been 
attained confirmed by study of sections, but essential parts appear to 
be present. Sexual apparatus close behind pharynx, far removed 
from posterior end of body. Sexual pores some distance apart 
(fig. 9). Male copulatory apparatus (fig. 12) typical of the genus, i. e., 
the male canal is not definitely divisible into seminal vesicle and pros- 
tatic vesicle, and may be considered to consist entirely of the seminal 
vesicle. Vasa deferentia enter separately the lateral angles of the 
seminal vesicle ; seminal vesicle then turns dorsally, then bends pos- 
teriorly and extends as slender tube to penis papilla. Seminal vesicle 
has narrow lumen and thick muscular wall composed chiefly of circu- 
lar fibers. No prostatic glands seen, probably because of immaturity 
of the specimen. Penis papilla small, rounded, armed with a short 
stylet in process of being secreted. Penis papilla lies in short penis 
pocket which forms a penis sheath where it joins the male antrum. 
Latter moderately large cavity, of moderate length. Female apparatus 
(fig. 12) has large genital pore, long muscular vagina bent into an 
S-shape, receiving cement glands along its course. Following entrance 
of uteri, female canal continues as a small Lang’s vesicle, which may 
not yet be fully formed. 

Remarks—lIn an article on Atlantic coast polyclads (Hyman, 
1939 b), I have shown that “Prosthiostomum” gracile Girard 1850! 
is not a Prosthiostomum at all, but fits into Discoplana Bock 1913. 
However, since Girard in 1893 himself removed this species from 
Prosthiostomum and created for it a new genus Euplana, Discoplana 
must become a synonym of Euplana. The copulatory apparatus of 


*In a recent publication Pearse (10938) has grossly misidentified Euplana 
gracilis (Girard) considering it a new species, type of a new genus, Conjuguterus. 
Conjuguterus becomes a synonym of Euplana and C. parvus a synonym of 
Euplana gracilis. Pearse’s account of the male system of this species is also 
erroneous. These corrections are based on an examination of the type speci- 
men of C. parvus and a number of other specimens labelled by Pearse with 
this name. 
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Euplana (=Discoplana) is very similar to that of the genus Stylocho- 
plana and in fact it is difficult to distinguish between these two genera. 
The sole difference is that in Euplana there is no distinct prostatic 
vesicle, whereas one exists in Stylochoplana. E. clippertoni certainly 
resembles Stylochoplana in general external appearance, but has no 
definite prostatic vesicle and hence seems to fit better into Euplana. It 
differs from other known species of Euplana (=Discoplana) in the 
presence of a penis stylet. Euplana gracilis (Girard) is the most simpli- 
fied member of the genus, having no penis papilla, stylet, or penis 
sheath. 

Differential diagnosis ——Loosely arranged radiating cerebral eyes, 
small penis papilla, penis pocket, penis sheath and short stylet present, 
long muscular vagina with S-bend, small Lang’s vesicle, genital pores 
well separated. 

Locality — Clipperton Island, under rocks to south of landing place. 
Collected by Dr. Waldo L. Schmitt, July 21, 1938. 

Holotype —Whole mount with sex region removed; set of sections 
of sex region, U.S.N.M. no. 20425. Young specimen on same slide 
with holotype. 


PROSTHIOSTOMUM PARVICELIS, n. sp. 
Figs. 13-15 


Description—One specimen, 6 mm. long, of usual slender shape 
typical of the genus, fully mature, bent in sexual region, part of an- 
terior margin missing (fig. 14). Color not determinable. Eyes as 
usual in the genus, comprising paired cerebral groups, and band of 
eyes along anterior margin (fig. 13). Cerebral eyes consist of an 
irregular curved row of 7 eyes on one side, 8 on the other, with a 
single isolated eye lateral to the anterior end of the rows, on each side. 
Marginal row of eyes unfortunately imperfect because of missing 
anterior margin but obviously few in number compared to most other 
species of the genus, of about. 2 rows in central part of band, thin- 
ning out around the sides to a few widely spaced eyes in a single row. 
Pharynx typical of the genus (fig. 14). Because of bend in body mak- 
ing good sagittal sections impossible, sexual apparatus was not sec- 
tioned. Because of eversion of the male apparatus, most of this appa- 
ratus can be seen in the whole mount. Male apparatus completely 
everted as in copulation (result of fixation?) (fig. 15). Inside the 
large cylindrical everted structure can be seen the oval seminal vesicle 
with thick muscular wall and Indian-club shaped lumen, the 2 spheri- 
cal thick-walled accessory vesicles (of unknown function), and the 
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sinuous ejaculatory duct. The ducts of the accessory vesicles were 
not seen. At the distal end of the evert is the penis sheath; through 
its lumen extends the curved stylet typical of the genus, protruding 
from the penis end for about one-third of its length. The sperm form 
a club-shaped sharply defined mass in the lumen of the seminal vesicle 
and from this mass a stream of sperm can be followed along the 
ejaculatory duct and stylet and out of the tip of the stylet. The mode 
of entrance of the vasa deferentia into the seminal vesicle is shown 
in the figure. 

Not much can be made out of the female apparatus in the whole 
mount; genital pore appears to lead into a cement pouch which re- 
ceives the encircling cement glands (fig. 15). 

The eversion of the male apparatus in this specimen is of great 
interest. It is undoubtedly normal since the same eversion was seen 
in a Bermuda Prosthiostomum, P. cyclops (Verrill) where, however, 
the specimen, through long preservation, was so dark and opaque that 
nothing could be discerned in the protruded apparatus. This Galapagos 
specimen indicates that in Prosthiostomum the entire male apparatus 
everts in copulation. This means that the male antrum must turn 
inside out, so that its lining becomes the surface epithelium of the 
evert, and the whole male copulatory complex, including the seminal 
vesicle and the 2 accessory vesicles, becomes pulled into the evert. It 
is further seen from figure 15 that the so-called penis sheath actually 
serves as penis papilla while the penis papilla remains inside and ap- 
pears to function merely to anchor the stylet. One begins to wonder 
if these structures have not been misnamed and if the penis sheath 
should not be regarded as the penis papilla, and the projection at 
present considered the penis papilla should not receive some other 
name. Of course, many polyclads do not have a penis sheath. Whether 
it occurs only in those species with a stylet deserves investigation. 

Remarks.—tThe species of the genus Prosthiostomum resemble each 
other so closely in external characters and details of the copulatory 
complex that separation into species is often difficult. As pointed out 
by Bock (1913) one must depend chiefly on the coloration and the 
eye arrangement. Some differences also appear to exist as regards 
the length and shape of the male antrum, shape of the seminal vesicle, 
and points of entrance of the vasa deferentia into the seminal vesicle. 
On the whole it is not advisable to omit the study of serial sections 
in determining the species of this genus. In the Galapagos specimen, 
the damage to the marginal set of eyes, the lack of data on the colora- 
tion in life, and the eversion of the male apparatus, preventing com- 


8 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


parisons with other species where the male apparatus in known only 
in the resting condition, have increased the difficulties of deciding 
whether one is here dealing with a new species or not. The great 
resemblance, even almost the identity, of the eye arrangement of the 
present species with that of the common Mediterranean Prosthiosto- 
mum, P. siphunculus (Delle Chiaje) 1828, fully described by Lang, 
1884, will not have escaped the notice of students of polyclads. On 
the other hand, it seems highly improbable that the same species would 
be found in two such widely separated localities as the Mediterranean 
and the Galapagos Islands. It further appears that P. siphunculus is 
very much larger than P. parvicelis. According to Lang, 1884, the 
former may reach a length of 30 mm. and the majority of the sexual 
individuals range from 12-18 mm. The specimen of P. parvicelis is 
already fully mature at a length which could not have been more than 
8 mm. in the extended condition. The principal difference, however, 
between the two species, concerns the shape of the seminal vesicle and 
the points of entrance of the vasa deferentia. Lang, 1884, plate 30, 
figure 20, shows the seminal vesicle of P. siphunculus as curved, with 
a simple fusiform lumen and muscular wall of uniform width; the 
vasa enter at its proximal end. In P. parvicelis the wall of the seminal 
vesicle is very thick proximally and thins out distally, the lumen is 
of peculiar shape (fig. 15), and the vasa deferentia enter the sides 
and then turn proximally to join the beginning of the lumen. The 
shape of the cement pouch appears also to differ in the two forms. On 
these grounds I with some hesitation consider the Galapagos species 
distinct from the Mediterranean one. 

Differential diagnosis—Eye arrangement as in P. siphunculus; 
smaller than this species ; seminal vesicle with thicker wall and small 
lumen proximally, thin wall and larger lumen distally, receiving the 
vasa deferentia into its sides. 

Locality —Sulivan Bay, James Island, Galapagos Islands, shore 
collecting. Collected by Dr. Waldo L. Schmitt, July 24, 1938. 

Holotype-—One whole mount, U.S.N.M. no. 20426. 
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EXPLANATION OF NUMBERING OF TEXT-FIGURES 


I, cerebral eyes; 2, tentacular eyes; 3, cerebral granule mass; 4, uterus; 
5, pharynx; 6, seminal vesicle; 7, prostate vesicle; 8, stylet; 9, male genital 
pore; 10, female genital pore; 11, Lang’s vesicle; 12, stalk of Lang’s vesicle; 
13, vagina; 14, entrance of uteri into vagina; 15, female antrum; 16, male 
antrum; 17, ejaculatory duct; 18, extracapsular prostate glands; 19, vasa defer- 
entia; 20, cement glands; 21, penis papilla; 22, muscular wall of male antrum; 
23, penis pocket; 24, penis sheath; 25, cement pouch; 26, accessory vesicles; 
27, everted male organ; 28, sucker; 29, marginal glands; 30, sperm mass in 
seminal vesicle; 31, opening of prostate glands into penis pocket. 

Whole mounts and figures of eyes drawn with the aid of the camera lucida; 
others free-hand. 
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4, Notoplana caribbeana, holotype; 5, Eyes of Notoplana caribbeana; 6, Semi- 
diagrammatic sagittal view of the male copulatory apparatus of Notoplana 
caribbeana, based on sagittal sections of the sexual region of the holotype. 
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12, Semidiagrammatic sagittal view of the copulatory complex of Euplana 
clippertoni, based on sagittal serial sections of the sexual region of the holotype; 
13, Eyes of Prosthiostomum parvicelis, holotype; 14, Prosthiostomum parvicelis, 
holotype; 15, Everted male copulatory organ of Prosthiostomum parvicelis 
containing the male apparatus. 
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NOSES TONSIVIEERS: PHOTOGRAPHS OF THE PAIUTE 
AND LEN DEANS: TAKEN ON DHE -POWELE 
EXPEDITION OF 1873 


By JULIAN H. STEWARD 


Bureau of American Ethnology, Smithsonian Institution 
(WIrTH 31 PLATES) 


INTRODUCTION 


When, in 1869, Maj. John W. Powell made his first exploration 
of the Colorado River, he encountered Ute and Southern Paiute 
Indians in the territory that is now Utah and northern Arizona. 
Fascinated at finding them nearly untouched by civilization, he de- 
veloped a deep interest in ethnology which led to extensive field 
studies and even ultimately to the founding of the Bureau of American 
Ethnology. During explorations, he took every opportunity to study 
their language, customs, and mythology, to collect specimens of their 
utensils, dress, and handicraft, and to procure photographs. 

Few explorers in the United States have had a comparable oppor- 
tunity to study and photograph Indians so nearly in their aboriginal 
state. The Ute, to be sure, had probably experienced something of a 
cultural revolution when they acquired the horse from the Spaniards 
in the Southwest long before the first white man visited their country. 
They were already hunters and warriors, in many respects resembling 
the tribes of the Great Plains, when Escalante passed through Utah 
in 1776. After the 1820’s, when fur trappers began to penetrate 
their territory, the Ute acquired a few guns and other trade objects, 
but were little affected by their casual contacts with the white men. 
The Southern Paiute, meanwhile, living in the more arid country to 
the south and west, remained, without horses or guns, entirely in 
their aboriginal state. In 1847 the Mormon pioneers arrived at Great 
Salt Lake and within a few years planted settlements throughout 
much of the desert. The Ute resisted this settlement, especially in 
western Utah, and warfare began, reaching a climax about 1865. The 
Ute were subdued, however, by 1870, and many of them moved to 
the reservation which had been founded in the territory of one of 
their bands, the Uintah Ute, in northeastern Utah. There were thus 
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Ute from many localities’in this region when Powell first passed 
through it in 1869. They had, however, been in close contact with 
the white man for only 20 years and had not lost their native customs. 

Mormon settlement of Southern Paiute territory affected native 
life in varying degrees. In the vicinity of St. George and Kanab, in 
southern Utah, the Paiute were too poor and unorganized to offer 
effective resistance to settlement. They lingered in their original 
habitat in the vicinity of the newly founded Mormon villages and, 
as the destruction of their native foods by cattle, sheep, and farming 
made life difficult, they gradually attached themselves to these com- 
munities. The early 1870’s, however, found their native culture still 
little affected by these contacts. Most isolated of all were the Paiute 
on the Kaibab plateau north of the Grand Canyon in Arizona. In 
1869 many of them had scarcely seen a white man and, beyond a few 
objects which they traded or stole from the white man, they were 
quite untouched by civilization. When first visiting this group in 
September, 1869, Powell* wrote, “Altogether, these Indians are 
more nearly in their primitive condition than any others on the 
continent with whom I am acquainted. They have never received 
anything from the Government, and are too poor to tempt the trader, 
and their country is so nearly inaccessible that the white man never 
visits them.”” Fortunately, most of Powell’s notes, collections, and 
photographs come from these people. 

None of the results of Powell’s ethnographic work have been 
published in systematic form. Brief remarks on language, customs, 
and mythology are found in many of his writings, and considerable 
remains scattered through unpublished manuscripts. The latter con- 
tain much that is of value, but the task of culling the ethnographic 
data from other miscellaneous material, of ascertaining the identity 
of Indians mentioned, and of eliminating repetitious notes is formi- 
dable. Powell’s extraordinarily fine collection of Ute and Paiute 
specimens in the United States National Museum is largely unknown 
to the scientific world. But properly to describe and illustrate it would 
require enormous work and expense and would be handicapped by 
the inadequate data accompanying it. Like most collections made 
during that period, a catalog entry like “Ute” or “Pah Ute” was 
deemed sufficient to indicate the source of a specimen. 

The most valuable ethnographic result of Powell’s explorations are 
the photographs. On his second descent of the Colorado River in 


* Powell, John W., Exploration of the Colorado River of the West and its 
tributaries, p. 126. Washington, 1875. 
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1871, he was accompanied by John K. Hillers. Hillers began as a 
general assistant but quickly mastered photography and remained 
with Powell during his explorations of the next few years making 
photographs of all types of subjects. His pictures are on glass nega- 
tives, each having two exposures 4 by 5 inches suitable for stere- 
opticons. In spite of the cumbersome equipment and the difficulties 
of preparing and developing negatives in the field, most of these 
pictures are every bit as good as modern professional photography 
and put to shame the efforts of most ethnologists. 

Unlike the collections of specimens and ethnographic notes, the 
photographs are carefully cataloged as to locality, leaving no doubt 
about which Indian groups are represented. The catalog does not 
indicate, however, precisely when or under what circumstances the 
pictures were taken. The date on all is 1873, but it is entirely possible 
that many were taken earlier, perhaps starting with the Colorado 
River trip of 1871. Presumably they were taken during the summer 
when the type of house, clothing, and other features of native life 
would have been somewhat adapted to the warm weather and to the 
nomadic life necessary when gathering seeds. 

The present collection includes all of the Hillers photographs that 
have ethnographic value. A number of these were reproduced as 
steel engravings in some of the publications by Powell, Mason, and 
other persons, but are included here not only for the sake of com- 
pleteness but to bring out detail not obtainable in the engravings and 
to call attention to features of ethnographic interest. A few photo- 
graphs have been eliminated either because of the poor quality of 
the negatives or because they are virtually duplicates of those included. 

It had been hoped that a description of the museum specimens, 
which include many objects similar to those shown in the photographs, 
might accompany these pictures. In view, however, of the dubious 
provenience of many of the specimens and of the magnitude of the 
task of describing them, the museum study must be postponed. 

Identification of the objects illustrated in the photographs may be 
made with reasonable certainty. Until very recent years, the Ute 
and Southern Paiute and the very similar Shoshoni and Northern 
Paiute, all occupying the deserts between the Rocky Mountains and 
California, had been virtually ignored by ethnologists. Although de- 
tailed monographs by several field workers are now in course of 
preparation for publication, Lowie’s pioneering study of these tribes * 


* Lowie, Robert H., Notes on Shoshonean ethnography. Amer. Mus. Nat. 
Hist., Anthrop. Papers, 20, pt. 3, pp. 187-314, 1924. 
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remains the outstanding source on the Ute and Southern Paiute. It 
is possible, however, by using Lowie’s monograph together with 
monographs on tribes farther west, shorter accounts of these tribes 
by explorers and ethnologists,* and the writer’s own experience in 
the area, to interpret most of the photographs in terms of their 
cultural significance and to add some comparative notes. 

Before the settlement of the west, a great difference existed between 
the Ute and Southern Paiute, the two main groups represented in 
these photographs. The former were essentially horsemen, bison 
hunters, and warriors. For many years they had been traveling east 
to hunt bison in the Great Plains. Warfare with tribes in that area 
had given them a militaristic spirit. Cultural contacts had introduced 
many conspicuous Plains traits, such as tipis, use of rawhide, horse 
regalia, war equipment, and many others. 

The Southern Paiute, more isolated in their deserts and lacking 
horses, resembled the Western Shoshoni and Northern Paiute, who 
lived in the Great Basin of Nevada and adjoining parts of California, 
Oregon, and Idaho. They relied mainly upon wild seeds and roots 
which they collected by means of a highly developed basketry com- 
plex. Large-game hunting was of secondary importance, though the 
great number of buckskin garments shown in the photographs sug- 
gests that it was not so unimportant as often believed. The Paiute’s 
general poverty and the seminomadic existence required during the 
great part of the year by their simple hunting and gathering economy 
limited their material possessions. The photographs show them, 
probably most often at their temporary summer encampments, with 
their meager equipment. 

Caution, however, is necessary in interpreting the pictures. Not 
only are many of the Indians obviously posed in artificial stances, but 
art seems often to have outweighed realism in the selection of objects 
represented. Thus, a woman in semidress may indicate Powell’s and 
Hillers’ idea of photographic art rather than actual use of garments. 
Poses with bows, baskets, and other objects may also misrepresent 
their actual use. 


HABITATIONS 


When Indian informants describe customs abandoned one or two 
generations ago, they are likely to remember only salient features 
and thus give the impression that native practises were more stand- 


*The main sources to date are listed in the writer’s study of the Shoshoni, 
Basin-Plateau aboriginal socio-political groups, Bur. Amer. Ethnol. Bull. 120, 
1938. 
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ardized than was actually the case. These photographs, taken when 
strictly aboriginal types of shelters still prevailed, correct such an 
impression and illustrate the great variability brought about by 
the adaptation of construction to various special conditions and 
circumstances. 

The photographs of the Southern Paiute, however, were evidently 
taken during the warm season and thus throw no light on the winter 
house. Other tribes of these deserts used shelters comparable to these 
during the summer, but in winter, when they settled down near their 
stored foods to remain during the cold weather, they erected some- 
what sturdier and larger conical lodges. During the summer, such 
lodges were not only unnecessary but inappropriate. The subsistence 
routine required continual movement from one locality to another as 
different foods became available. Shelters were, therefore, no more 
than temporary structures designed only for the few days or weeks 
that would be spent at any food camp. Powell * wrote of the Kaibab 
Paiute, “During the inclement season they live in shelters made of 
boughs, or bark of the cedar, which they strip off in long shreds. In 
this climate, most of the year is dry and warm, and during such time 
they do not care for shelter. Clearing a small, circular space of 
ground, they bank it around with brush and sand, and wallow in it 
during the day, and huddle together in a heap at night, men, women, 
and children; buckskin, rags, and sand.” 

The extreme of simplicity in Kaibab shelters was to pitch camp 
beneath a tree, little or no effort being made to improve upon nature 
(pls. 11, 12, 13, &). When construction was undertaken, houses 
tended to be semiconical, erected either upon poles planted in the 
ground or upon interlocking poles (pl. 21, a, b) or almost completely 
conical (pl. 14, a). House poles were covered with various materials, 
no doubt those which were locally available, such as boughs (pl. 
9g, a, b) and willows (pl. 10, b). One house had a fire in the center 
and the roof open above (pl. 20, a). 

The Ute had acquired the tipi through contact with the Plains 
tribes. Those shown in the photographs (pls. 23, a, b, 24, a, 25) are 
all undecorated. That in plate 24, a, was, according to the title of the 
picture, made of elkskin. When tipis could not be built or when 
they were unnecessary, a conical house, described by informants as 
similar to the brush house of the Paiute and Shoshoni, was used. 
That shown in plate 26, b, however, is larger and better constructed 
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than the Southern Paiute lodges, having longer, cleaner poles. It is, 
it. fact, more a tipi covered with boughs and some canvas in place 
of skin. 


CAMP ACCESSORIES 


If these photographs truly represent aboriginal practise, the use 
of the tripod extended far south in the Intermontane area. The 
Kaibab used it to suspend the cooking pot (pl. 13, b), though the 
pot in question is evidently of iron, and the Uintah used it not only 
for cooking (pl. 25) but as a support on which goods were hung 
(pli24) a, 0). 

The backrest, consisting of a tripod supporting horizontal slats, 
is shown in a Uintah Ute lodge (pl. 26, b). These Ute also used 
horizontal bars for supporting dried maize (pl. 26, Db). 

Of special interest is the tree platform (pl. 23, b) and the two- 
story construction (pl. 25). It is not clear whether the title of the 
first, “tree lookout” or “the watch tower,” designates the pose of 
the boy on the platform or the purpose of the platform. The second 
structure, called “shelter,” seems actually to have served as a shelter 
and storage place. Note the notched log which serves as a ladder. 


BASKET RY 


The basketry of the groups represented here has an interesting 
place in western American basketry. It is generally believed that both 
the coiled and twined basket weaves originated at some place on the 
Pacific coast and spread inland, the former being invented first and 
attaining a wider distribution than the latter. Thus, only coiling was 
known to the Basket Makers, the oldest known weavers in the South- 
west, and to the Ute, who are on the eastern fringe of the basket 
area. West of the Ute, however, tribes used both coiling and twining. 
The latter, being more easily made, was used by Shoshoni and 
Northern Paiute for such utility baskets as conical seed baskets, 
winnowing trays, seed beaters, hats, and water jugs, whereas coil 
was employed only for the somewhat more ornamental trays and 
bowls. A few Shoshoni of central Nevada appear even to have 
abandoned coiling entirely in favor of twining. 

The photographs suggest that among Southern Paiute, both types 
of weave were used for all kinds of baskets except possibly hats. 
Thus it would appear that strict cultural tradition did not entirely 
determine the weave used, but that the choice in each case depended 
somewhat upon individual or perhaps family taste. The Kaibab 
group shown in plate 11, for example, coiled all their baskets—conical 
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seed basket, water jug, circular trays, and receptacles—though other 
Kaibab Indians used twining for many of these vessels. 

The Uintah Ute baskets in these photographs resemble those in a 
large collection at the University of Utah. All are coiled, being 
extremely crudely made and limited in range of forms. A problem 
still to be solved by anthropology is whether the Ute had, in prehorse 
days when they depended more upon seed gathering than upon hunt- 
ing, the full range of basketry forms known to the other Shoshonean 
tribes. It seems certain, though it has not been proved, that the radical 
change wrought in their economy by the introduction of the horse 
would have caused them to abandon many traits connected with seed 
gathering in favor of things pertaining to hunting. 

Basketry forms are clearly shown in the photographs. They include 
hats, conical seed or burden baskets, seed beaters, winnowing or 
parching trays, flat trays, water jugs or ollas, and receptacles or 
bowls. (Cradles, though often made with a basketry technique, are 
treated separately.) The distinction between twining and coiling is 
usually clear, especially if the photograph is examined with a glass. 
Illustrations of the uses of baskets are in most cases probably accurate, 
though posing the subjects seems to have misrepresented a few. The 
woman in plate 1, c, for example, is gathering seeds in a basketry 
hat, a dubious procedure. 

FHlats-—Basketry hats, which are widespread throughout the West 
and on the Pacific coast, are shown in all groups here except the 
Uintah Ute. All hats appear to be twined. Two somewhat distinct, 
though similar, forms are illustrated. One is hemispherical, either 
with a rounded top, like the Moapa Paiute specimens (pl. 1, c, 3, b) 
and the Las Vegas hat (the girl on the right, pl. 6, c) or with a 
pointed top, like the Kaibab specimens (pls. 10, b, 11, 15, b, 16, b). 
The other form is a somewhat truncated cone, the Las Vegas example 
(pl. 6, b, c). These hats are either undecorated or bear one or two 
bands of geometric figures (pls. 1, c, 3, 0, 6, b). 

Among Shoshonean tribes, basketry hats were worn only by women, 
serving the double purpose of protecting the head from carrying 
straps attached to burdens and from pitch when gathering pine nuts. 

Conical baskets —These are large, conical baskets used by women 
both for gathering seeds and for carrying burdens. Powell’ states 
that for gathering seeds, “they have large, conical baskets, which 
hold two or more bushels. The women carry them on their backs, 
suspended from their foreheads by broad straps, and with a smaller 
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one in the left hand, and a willow woven fan in the right |the seed 
beater], they walk among the grasses, and sweep the seed into the 
smaller basket, which is emptied, now and then, into the larger, until 


it is full of seeds and chaff ...” Conical baskets, similarly used 
throughout the Intermontane area, were of vital importance in native 
economy. 


All the specimens illustrated in the photographs are twined with 
the exception of the Kaibab specimens, plate 11. Whether they were 
tightly or loosely woven depended upon the size of the seed to be 
gathered. Open-twine baskets, having a slight space between the 
weft elements, were more quickly made than those which were tightly 
woven and were equally serviceable for holding large seeds such as 
pinyon nuts. 

The photographs show a Moapa Paiute open-twine basket (pl. 1, c), 
a Kaibab basket in the process of manufacture (pl. 9, a), several 
close-twine Kaibab specimens (the edge showing in pl. 13, a; two in 
the foreground of pl. 13, b; two specimens being carried in pl. 16, b), 
and a St. George open-twine specimen (pl. 20, a). 

Seed beater —Only one example of a seed beater is illustrated. It 
is the Kaibab specimen, shown on the house in plate 9, a. It is open- 
twine and has the service edge reinforced with a wooden rim. 

Winnowing or parching trays—As most of the seeds available in 
Southern Paiute territory are small and hard-shelled, a special tech- 
nique was required to separate the seeds from the chaff and, after 
the seeds were ground, to remove the coarse particles. For this pur- 
pose, a flat fan-shaped or circular tray was constructed. But it also 
served another purpose. Having little pottery in which to boil seeds 
and no doubt finding it too difficult to boil them in water in tight 
baskets into which hot rocks were dropped, they generally roasted 
them. Powell® observed, “they put the seeds, with a quantity of red 
hot coals, into a willow tray, and, by rapidly and dexterously shaking 
and tossing them, keep the coals aglow, and the seeds and tray from 
burning. As if by magic, so skilled are the crones in this work, they 
roll the seeds to one side of the tray, as they are roasted, and the 
coals to the other.” 

Three specimens of twined winnowing or parching trays are illus- 
trated. Whereas such trays are usually fan-shaped among Shoshoni 
and Northern Paiute, one of the Kaibab specimens (pl. 16, b) is 
circular. The shape of the other, which was placed so as to catch the 
meal ground on a metate (pl. 13, a), cannot be ascertained. It appears 
to be fan-shaped. 
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Of the five, flat, circular, coiled Kaibab trays (pls. 10, b, I1, 12, 
13, a, 16, b), it is probable that some are winnowing trays, especially 
that shown in plate II. 

Ollas or water jugs——Some means of carrying water was an abso- 
lute necessity on the long trips through the deserts. Tightly-woven, 
pitch-coated ollas or jugs solved the problem quite adequately. 

Whereas Shoshoni and Northern Paiute ollas are twined and 
generally have bottoms which taper to a point, Ute and Southern 
Paiute specimens are predominantly coiled and spherical in shape, 
like those of the early Basket Makers. The photographs show several 
specimens among the Kaibab (pls. 11, 12, 9, a, b, 13, b, 16, a) and the 
Ute (pl. 26, b, with the handles) all of which appear to be coiled. 
The necks of these baskets are somewhat wider than those of the 
Shoshoni and Northern Paiute, for example, plate 9, a. The neck 
in plate 9, b, is even flaring. 

Receptacles——Pottery has been recorded among both Southern 
Paiute and Shoshoni Indians. It seems, however, to have been of 
minor importance and no specimens appear in the photographs. For 
general purposes requiring receptacles and even for boiling water, 
basketry bowls were used. 

Several Kaibab and Ute coiled basketry bowls are illustrated. The 
Kaibab examples (pls. 9, a, 10, b, 11, 12) range in form from exceed- 
ingly shallow containers, approximating trays, to nearly hemispherical 
bowls. Plate 12 shows a woman weaving a coiled bowl. The Ute 
bowls (pl. 26, and, hanging from the tree, pl. 23, a) are very crudely 
woven, narrow-mouthed, and deep. 


WEAPONS 


Bows.—Although the evidence of these photographs is insufficient 
to postulate important local differences in bow types, several styles 
appear to have been restricted to certain groups. 

Two Moapa bows in plate 1, b, are notable for their great length, 
though a shorter Moapa bow appears in plate 2, a, b. None of these 
have recurved ends. 

Bows with recurved ends are shown only among the Las Vegas 
(pls. 5, a, b, 4, a, 6, b). That in the left foreground of plate 4, a, is 
clearly sinew-backed. The bow of extraordinary width in plate 5, c, 
appears to be made of two pieces, joined at the grip, and is probably 
of mountain sheep horn, which was widely used for bows among 
these people. 

The Kaibab bows are comparatively short and lack the recurved 
ends (several hanging on the right side and in the center of the house 
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in plate 10, b; one leaning against the house in plate 11; one by the 
child in plate 12; those in plates 17, a, b, 18, 19, a). Powell” said of 
Kaibab bows, ‘‘Most of their bows are made of cedar, but the best 
are made of the horns of mountain sheep. These are taken, soaked 
in water, until quite soft, cut into long thin strips, and glued together, 
and are then quite elastic.” 

Ouivers.—Quivers are represented in several photographs, some 
of which, if correctly posed, show the manner of carrying them. The 
fur quiver of the Moapa (pl. 1, b) was slung over the right shoulder 
and under the left arm, so that the arrow had to be pulled over the 
right shoulder. The Moapa fur quivers in plate 2, a, b, were hung 
across the chest, or, more accurately, around the neck with the 
openings to the right. 

A fur Kaibab quiver is shown on the ground in plate 22, e. 

A Uintah Ute quiver (pl. 29, a, b) has a bow case attached. A 
flap, ornamented with a striped border, symmetrical floral designs 
and metal studs, hangs from it. 

Shooting.—Though posed, the Las Vegas man (pl. 5, a) and the 
Kaibab man (pl. 18, a) probably hold their bows in accordance with 
native usage, for this slanting position was common throughout the 
area. 

Clubs—A Moapa club of the “potato masher” type, similar to that 
used by the Colorado River tribes, appears in plate 2, c. 

Knives.—Several hafted flint knives are shown in the photographs. 
Though these cannot be studied in detail, even with the aid of a 
glass, all appear to be essentially the same. A chipped flint blade is 
fitted into the end of a short wooden handle, which is wrapped just 
below the blade. Two knives appear on the ground near the right 
end of the bow in the left foreground of the Las Vegas picture, plate 
4, a. Several similar knives lie on the ground in the Kaibab photo- 
graph, plate 10, a. The Kaibab man in plate 9, b, is retouching the 
blade of a knife. He holds it on a pad in his left hand and works 
with a flaker held in his right hand. The last photograph has also 
been reproduced and described in Bureau of American Ethnology 
Bulletin 60, figure 175 and page 309 ff. 

Rodent hook.—Shoshonean tribes commonly used long sticks with 
either hooked or slightly forked ends which they inserted into rodent 
burrows and twisted in the fur of the animals so as to pull them out. 
Each of the two sticks held in the hand of the Las Vegas man in 
plate 5, c, is equipped with a short hook at one end and may have 
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been intended for this purpose. Or, they may have been used to 
pull chuckwallas, a large species of lizard, from rock crevices. Death 
Valley Shoshoni made similar hooked sticks for this purpose. 


FIRE MAKING 


Fire making is illustrated among the Kaibab Paiute in plate 19, a, 
though the pose of the man in the background is irrelevant to the 
main subject. The fire drill is compound, as shown by the wrapping 
near its lower end. That is, it consisted of a main shaft and a fore- 
shaft. The nature of the hearth cannot be ascertained. The fire maker 
twirls the drill between the palms of his hands while an assistant 
holds bark tinder in which to catch the spark. 


METATES 


Metates, or flat stone grinding slabs, were of crucial importance 
in the preparation of the small, hard-shelled seeds of this country. 
Powell * observed of the Kaibab, “For a mill they use a large flat 
rock, lying on the ground, and another small cylindrical one in their 
hands. They sit prone on the ground, hold the large flat rock between 
the feet and legs, then fill their laps with seeds, making a hopper to 
the mill with their dusky legs, and grind by pushing the seeds across 
the larger rock, where it drops into a tray. I have seen a group of 
women grinding together, keeping time to a chant, or gossiping and 
chatting. 4.” 

Two quite unlike specimens of metates appear in the Kaibab Paiute 
photographs, plates 10, b, and 13, a. The first, though shallow, has a 
trough and kind of platform encircling the trough on all but one end 
where it is open. As this is very similar to the metates used by the 
early Basket Makers of this region, it is not impossible that it was 
taken from some ancient site. The other specimen is more like the 
type commonly used by Shoshoneans, being flat and without any 
trough. The woman has placed it between her legs with a twined 
winnowing basket under the far end to catch the flour. She grinds 
with a thick mano or muller which evidently was used with something 
of a rotary motion. 


€CRADLES 


Two types of cradles are illustrated: the semibasketry type of the 
Kaibab and the buckskin-covered board (7?) of the Ute. 
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Powell ® remarks of the Kaibab cradle, “They make a wicker board, 
by plaiting willows, and sew a buckskin cloth to either edge, and this 
is fulled | sic] in the middle, so as to form a sack, closed at the bottom. 


At the top, they make a wicker shade . . . and, wrapping the little 
one in a wildcat robe, place it in the basket, and this they carry on 
their backs, strapped over the forehead . . . In camp, they stand the 


basket against the trunk of a tree or hang it to a limb.” 

The Kaibab cradles appearing in plates 14, b, 15, a, b, and 19, b, 
appear to be related to the “U-ladder” type of the lower Colorado 
River. But whereas the latter has a stout rod bent into U-shape and 
covered with horizontal lattice work, the Kaibab cradle has an oval 
frame covered with vertically placed rods which extend beyond the 
frame. Plate 15, a, shows such a cradle with the hood, infant’s head 
pad, and carrying straps in place. 

The Uintah Ute cradle (pl. 24, b) is probably a board covered 
with buckskin. This type, derived from tribes to the north and east 
of the Intermontane area, never spread beyond the Ute and Northern 
Shoshoni. 


DRESS AND ADORNMENT 


It is surprising to note the great number of photographs showing 
persons in full costume. Informants’ testimony and early explorers’ 
accounts are unanimous in ascribing extraordinary poverty and scanty 
attire to Southern Paiute Indians. Even Powell” observes ‘They 
wear very little clothing, not needing much in this lovely climate.” 
One gets the impression that the hunter who was able to acquire 
sufficient deer or antelope skin to tailor himself and his wife com- 
plete garments was exceptionally lucky. People were usually described 
as completely or nearly nude, or, at best, draped only in a rabbit-skin 
blanket. Yet the photographs show a large number of men attired 
in shirts, breachclouts, leggings, moccasins, and sometimes skin hats, 
and women fully clad with dresses, peplums, and moccasins. Perhaps 
the truth of the matter is that most persons possessed all essential 
garments but, like the old men in plate 1, b, they did not ordinarily 
wear them. To what extent they utilized their entire wardrobes or 
even borrowed clothing at the instigation of Powell and Hillers for 
the very special purpose of having their pictures taken is impossible 
to know. It is clear, however, that many of the subjects of the photo- 
graphs were specially arranged. Individuals were sometimes taken, 
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in successive pictures, in various stages of dress and undress. Conse- 
quently, the ensemble cannot always be taken as native custom. 

Children, though sometimes equipped with garments like those of 
their elders, were frequently entirely nude and are so represented in 
several pictures. 

Headdress.—The hair of Moapa, Las Vegas, and Kaibab Paiute 
women was rather consistently cut to a short, choppy bob of about 
shoulder length. Only the Las Vegas woman shown in plate 6, a, 
has bangs. Women sometimes confined their hair with a narrow 
band (pls. 9, b, 14, b, 18, b, c, d, 19, b), sometimes with a basketry 
hat. The head bands worn by the three girls seated on the left in 
plate 14,,b, appear to consist of two rows of beads (or quills?) each. 
The girl next on the right has a band of shells or seeds. Similar bands 
appear in plate 18, b, c, d. 

Southern Paiute men either cut their hair the same as women or 
allowed it to grow somewhat longer, parting it roughly in the middle 
or, occasionally (pl. 1, a, pl. 10, b) on one side. Several Kaibab men 
clearly have braids: the person on the left in plate 19, a; the man 
with folded arms in plate 19, b; the man standing on the right in 
plate 17, b; and the man seated in the foreground in plate 17, a. The 
braids of the last are wrapped. Other men may have braids which 
do not show. 

Five kinds of hair ornaments appear on Southern Paiute men: 
bands; skull caps; feather crowns ; feathers ; a forehead ornament. 

Bands, which are unusual, are shown among the Moapa (pl. 3, a), 
the Las Vegas (pl. 4, a, b), and Kaibab (pl. 7). 

Skin caps, which are similar to those used widely throughout the 
Shoshonean area to the west, appear in several photographs. The 
Moapa men in plate 1, b, have skull caps held in place by chin straps. 
The Moapa boy’s cap (pl. 2, d) appears to be similar to these but 
lacks the chin strap. The Las Vegas man on the left in plate 4, a, b, 
has a head band rather than cap. The man on the right in plate 4, b, 
has a cap which apparently has animal horns and ears on top. Although 
the species of animal cannot be identified in this case, it resembles 
many Shoshoni caps made of the polls of young mountain sheep with 
the ears and horns left in place. This specimen also has a chin strap. 
A similar or perhaps the same hat appears on the Las Vegas man in 
plate 5, c. A more conical skull cap with chin strap is shown in plate 
4, a (second from the left) and in plate 5, a. No Kaibab or Ute 
men have such caps. 

Crowns, consisting of hawk or eagle feathers inserted in a head 
band to stand vertically, are shown in several plates. No information 


14 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


is available concerning the use of this headgear, but its frequency in 
the pictures is no proof that it was an article of everyday wear, 
especially as most of the groups are obviously dressed and posed for 
the photographs. Among Owens Valley Paiute in California, this 
type of headdress was used only as dance regalia. A Moapa example 
appears in plate 2, b. Kaibab examples are shown in plates 8, 14, a, 
17, 18, a,c, and 19, b. Plate 20, c, shows a St. George specimen. 

A number of feathers are shown attached loosely to the crown of 
the hair in two Las Vegas photographs (pls. 4, a, 5, 0). 

A forehead ornament, evidently attached to some kind of band 
running up the part of the hair, is shown in two St. George pictures 
(pls 2022.0): 

Attention should be called to the striking beards on several Las 
Vegas men in plates 4, 5, c, and 6, a. When Escalante reached western 
Utah, probably in the vicinity of Utah Lake near the boundary line 
between Ute and Southern Paiute, on his return journey in 1776, he 
remarked that the Indians had Spanish features (not evident here) 
and wore beards. 

Uintah Ute headdress and coiffure is not unlike that of the Southern 
Paiute. Some Ute women, however, wore their hair somewhat longer 
(pls. 28, c, 27, c). At least two men have braids (pls. 27, b, 29, c), 
while the boy in plate 31, d, appears to have a small lock on each side 
of his head stuck through a section of bone. The men’s forehead 
ornament appears in plate 31, b, c. Wrapped locks are shown in 
plates 26, a, 29, c, and 31, b, c. Plates 26, a, 27, b, and 29, c, also show 
the forelock brushed up and back in Plains fashion. 

Men’s shirts——A common style of men’s shirts seems to have pre- 
vailed among these groups. The illustrations do not reveal whether 
it was constructed of one or two skins. A characteristic feature is 
what appears to be a heavily fringed, V-shaped insert on the front 
but which, judging from specimens in Powell’s collection in the 
United States National Museum, is more likely a flap. This appears 
among the Moapa (pl. 2, a, b, c), the Las Vegas (pl. 6, b), the Kaibab 
(pls. 11, 18 c, 19, a, b), and the St. George Paiute (pls. 20, 22, a, c) 
and also among the Uintah Ute (pls. 28, a, 29, a, c). 

Though fringed sleeves seem usually to have been added to these 
shirts, a portion of the shirt proper projects slightly as a shoulder 
flap and is heavily fringed. Long, fringed sleeves appear, for example, 
among the Moapa (pl. 3, a), the Kaibab (pls. 18, a, c, 19, a, c), the 
st. George, (pl. 20, b,c), and-the Ute (pls, 28, a, 6,20, a, 31.1d)p 

The bottoms of these shirts may or may not be fringed. 
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Some men’s shirts seem to have been constructed of one piece of 
skin, like a poncho. No doubt whether one or two pieces were used 
depended upon the size of the skins available. The Kaibab shirt on 
the man in plate 9, b, and on the man kneeling on the left in plate 
19, a appear to be one-piece. The Ute shirt in plate 27, b, is 
probably the same, though evidently made of cloth. The Las Vegas 
shirt (pl. 5, b) seems to be poncho style but has a heavy fringe across 
the chest. Several boys’ shirts are evidently one-piece, having a 
perforation for the head and the edges brought together and fastened 
below the arms, with all edges fringed: the Moapa (pl. 2, d), Las 
Vegas (pl. 5, a) and Kaibab (pl. 14, a). 

A shirt constructed like a jacket with the front open is shown on 
the man seated in the middle foreground of the Kaibab photograph, 
plate 17, a. 

In addition to heavy fringe, some men’s shirts have ornamental 
designs. The most popular style was a band of geometric figures 
running from the back across each shoulder and down the chest and 
a similar band running down the outside of each sleeve. The designs 
are geometric, usually simple bands of squares and rectangles. So 
far as can be seen, these are probably made of beads. Such ornamen- 
tation appears among the Kaibab on a man who is shown in plate 11, 
plate 17, b, and, shooting a bow, in plate 18, a. It also is seen among 
the Ute, plate 27, D. 

Breechclouts—Men wore comparatively long breechclouts. These 
are illustrated among the Moapa (pl. 1, >), the Las Vegas (pl. 4, dD), 
and the Uintah Ute (pls. 26, a, 27, a, b, 29, b, 31, b, and, appearing 
under the shirt, in 29, @). 

Men’s leggings—Men’s leggings are shown among all groups. 
Usually these are fringed down the outside of the leg along the seam, 
for example, the Moapa (pl. 2, a, b, d), the Las Vegas (pl. 6, b), the 
iia pls. Oo, 17.0, 0,00, dic, 19) }), the St.George (pls. 20,65 .¢; 
22, a, c, d) and the Ute (pls. 27, b, 28, a, 29, a). The leggings in 
plate 19, b, are also fringed on the bottom. Those in plate 17, a, also 
have a painted (?) design of diamonds near the bottom and those in 
plate 18, c, have beaded designs down the outside of the leg. 

A few leggings have the fringe down the front of the leg, e.g., the 
Kaibab boy (pl. 14, a). 

War costume—The Uintah Ute photograph, plate 26, a, judging 
from its title, “The Warrior,” and its general appearance, probably 
represents war costume. The man is naked but for the chest orna- 
ment, which is probably of manufactured bone brought to these people 
by the traders, the cartridge belt, breechclout, and anklet. His fore- 
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lock is brushed back and painted and his body is painted a light color 
with darker stripes running horizontally around his arms and verti- 
cally on his legs. 

Woman’s dress.—It is impossible to ascertain detailed construction 
of women’s attire from the photographs. The Southern Paiute gar- 
ments, however, seem usually to have consisted of two essential 
parts—the dress proper and a fringed overskirt or peplum. 

From the somewhat artificial ensembles shown in the poses, it is . 
not certain whether the peplum was ever worn alone (though it is 
so shown in pl. 5, d) and might thus be considered a true skirt. 
Rather, it seems primarily to have filled the function of a belt. It 
consists of a comparatively narrow girdle, 2 to 6 inches wide, from 
which falls a fringe 1 to 2 feet long. It serves to gather in the dress 
about the waist and to provide ornamental fringe, which was abun- 
dantly used on all garments. Often, hooves were tied amongst the 
fringe strings. Examples are shown from the Moapa (pl. 3, b), the 
Las Vegas (pls. 5, d, 6, b, c, d), the Kaibab (pls. 14, b, 18, b, c, d), 
and the St. George (pl. 22, a, d). 

The dress proper appears usually to have been made of two pieces. 
Judging by museum specimens as well as by the photographs, some 
were merely fastened at the shoulders, the sides being left open below 
the arms and somewhat held together by the peplum, whereas others 
were sewed together down the sides below the arms. These dresses 
lack true sleeves and have instead fringed shoulder flaps, e.g., the. 
Kaibab woman in plate 14, b. The sides of the dress were usually 
also fringed, as in plate 18, b, c, d. Plate 18, b, has, in addition, hooves 
tied to the fringes on both sides and bottom. 

Several dresses are further ornamented. The Kaibab woman in 
plates 15, a, b, and 16, a, b, has a thin beaded (?) band running up 
the sleeve, around the neck, and across the chest. One of the dresses 
in plate 14, b, has parallel bands across the chest. 

The Ute dresses seem to have followed more strictly the Plains 
pattern, probably being made of two skins, one in front and one 
behind, sewed down the sides. Flaps cover the shoulders and fringing 
is abundant. These dresses are variously ornamented, several having 
parallel bands which run from one shoulder flap across the chest to 
the other (pls. 28, c, d, 29, c). Plate 27, c, shows a single band of this 
kind. In addition to the bands, plate 28, c, has a floral design on the 
skirt near the lower portion of the fringed seam. The bottom of 
plate 28, c, has a fringe, 28, d, an ornamental band, and plate 27, c, 
both fringe and band. Several have elk teeth, for example, that in 
plate 24, a, on which they are arranged in four horizontal rows across 
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the back, and plate 27, c, on which they are placed below the orna- 
mental chest band. 

Moccasins —Many adults, though completely dressed, are shown 
barefoot. Others wear moccasins. The moccasins collected by Powell 
were described by Gudmund Hatt, “Moccasins and their Relation to 
Arctic Footwear” (Amer. Anthrop. A’ssoc., Mem. 3, no. 3, 1916). 

Kaibab moccasins for both sexes seem to have had separate soles, 
molded to the foot like the Southwestern types (pls. 17, b, 18, b, 
19, b). The St. George moccasins (pl. 20, c) are similar. The 
woman’s moccasin in plate 18, b, has a high, fringed top, the edge of 
which is turned down. The top of the Ute moccasin in plate 30 
resembles the last. The Ute man standing on the right in plate 28, b, 
has geometric designs on both the instep and uppers of his moccasins. 

Of particular interest are the garters supporting the uppers of the 
Moapa man’s moccasins in plate 1, b. 

Rabbit-skin blankets —Blankets made by twining together twisted 
strips of rabbit fur were an essential article throughout the Sho- 
shonean area. They served both as robes and bedding. They were 
worn either instead of or over ordinary clothing. 

Several are shown among the Kaibab: the woman with the hat 
seated in plate 11; two persons in the background in plate 12; three 
persons seated in plate 13, b; and plate 7. Though none are shown 
among the Uintah Ute, the University of Utah Museum of Anthro- 
pology has specimens from this group. 


TRANSPORTATION 


Two devices for transporting goods by human carriers are illus- 
trated: a net wrapped about the bundle in the lower left corner of 
the Kaibab photograph, plate 14, a, and the conical baskets shown 
in plate 16, b. 

The carrying strap was used by Kaibab women both as a tump line 
over the head, as shown with the water jugs (pl. 16, a), and as a chest 
strap, as shown with the baskets (pl. 16, b). 


PARFLECHE 


The parfleche is one of the many traits which the Ute acquired 
from the Plains tribes. A single specimen appears in the foreground 
of plate 24, a. 


MAIZE 


It is of interest that although ethnographic studies report that all 
Southern Paiute grew some maize and that the Ute did not, the only 
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specimens illustrated in these photographs are among the Ute. Plates 
24, b, 25, and 26, b, show a large number of ears of various colored 
and variegated maize hung up to dry. We do not know, of course, 
whether these were grown by the Ute or traded from the Southwest. 


EAGLES 


Eagles were taken by most if not by all Shoshonean groups and kept 
captive, though not killed, for their feathers. Plate 27, a, b, shows an 
eagle, the property of a Uintah Ute man, tied to the limb of a tree. 


DANCING 


A single dance is known to have been aboriginal throughout the 
entire Shoshonean area. This was the round dance or circle dance 
which was performed primarily for pleasure whenever enough people 
were present to hold it. It consisted simply of a circle of people who 
side-stepped or hopped to the accompaniment of singing. It is illus- 
trated among the Kaibab in two photographs, plates 7 and 8. 


GAMES 


Two games are represented, both being widespread throughout the 
Shoshonean area. The first, shown in plate 4, being played by four 
Las Vegas men, appears to be a variety of the “basket hiding game,” 
in which several sticks are arranged under a basket by one contestant, 
the other being required to guess their positions. This game is usually 
similar to the hand game in that half of the sticks are marked, half 
unmarked. In the photograph, the man on the extreme right has 
several sticks, which cannot be studied in detail, concealed under a 
winnowing basket. His opponent on the extreme left is indicating 
the position of the sticks by means of motions similar to those used 
in the hand game. A bundle of twigs appears on the ground to the 
left of each contestant and a third bundle is between them. These 
are probably counters which were forfeited for incorrect guesses. 

The Kaibab photograph in plate 10, a, shows the hand game, which 
was perhaps the most popular gambling game throughout the west. 
The men on the left with folded arms hold the sticks concealed in 
their hands. The man in the center on the right is guessing the posi- 
tion of the sticks by pointing. The rows of twigs stuck into the ground 
in front of each side are tallies. When one sidé has lost all these 
to the other side, it forfeits the stakes of the game. In this case, the 
stakes seem to have been the beads and knives deposited on the ground 
in the foreground of the picture. 
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HORSES 


There is abundant ethnographic evidence to indicate that although 
the Southern Paiute rarely possessed horses, the Ute were well 
provided with them. The photographs unfortunately show little per- 
taining directly to the horse. It is of interest, however, that the few 
illustrations of Southern Paiute horses show no special horse gear 
which is evident among the Ute. The photograph in plate 30 shows 
comparatively elaborate Ute horse trappings. The warrior and the 
woman on horses in plate 26, a, also shows some horse gear. 

The Ute photograph in plate 30 is also of interest from the point 
of view of art. It shows that, like several northern Plains tribes, 
these Ute had two totally distinct design styles, which appear also on 
some of their clothing. The floral designs on the horse trappings 
doubtless had their ultimate origin in the far north. The geometric 
designs on the bag suspended from the saddle, however, follow 
more closely the conventions of Plains parfleche and other rawhide 
ornamentation. 


EX PLANATION OF PEALES 


The following information is taken from the catalog of these photographs. 
The number following the plate reference corresponds to that in the Bureau of 
American Ethnology negative files. The tribal reference is a condensation of 
catalog information, explained more fully below. The first title of each photo- 
graph is from Powell. The second title, in parentheses, is from Hillers’ catalog. 

The Powell catalog gives the following tribal references : 

Plate 1, a, “Paiute, vicinity of Cedar, Utah (on the Rio Virgen, a tributary of 
the Colorado in southern Utah).” 

Plate 1, b to plate 3, b, inclusive, “Paiute, Moapa Valley.””’ The Moapa Valley 
is in southern Nevada. 

Plate 4, a, to plate 6, d, inclusive, “Paiute, the Vegas or Meadows in south- 
western Nevada.” This is doubtless the vicinity of the town of Las Vegas in 
extreme southern Nevada, placing these people south of the Moapa Paiute. 

There is some question whether one or two groups are represented in the 
photographs in plates 7 to 22. Plate 7 to plate 19 inclusive are cataloged as 
“Paiute, Kaibab Plateau near the Grand Canyon of the Colorado in Northern 
Arizona.” Plates 20, 21, b, and 22 are named ‘Paiute, vicinity of St. George, 
Utah on the Rio Virgen, a tributary of the Colorado in southern Utah,” but 
plate 21, a, is stated to be “Paiute, near St. George, Utah. Kaibab Plateau near 
the Grand Canyon of the Colorado in northen Arizona.” The last, however, is 
probably an error in recording, for the Kaibab Plateau, though not far from 
that portion of the Rio Virgen which flows through southwestern Utah, is not 
itself in Utah. Moreover, the house in plate 21, b, is in the village shown in 
plate 21, a. For this reason, all the photographs in plates 20 to 22 inclusive have 
been taken to represent a separate group of Southern Paiute who are designated 
_ St. George. 
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Plates 23 to 31, inclusive, are cataloged as “Ute. Uintah Valley on the eastern 
slope of the Wasatch Mountains in Utah.” This is a well-defined group, which 
has subsequently been called Uintah Ute. They occupied the Uintah Basin, a 
large valley bounded on the north by the Uintah Mountains, on the west by the 
Wasatch Mountains, on the east by the Green River or perhaps by a vague 
line somewhat to the east of the river, and on the south by -the plateaus and 
canyon lands of eastern Utah. Of these photographs, plate 28, d, is labeled 
“Paiute (?),” clearly an error as indicated by the attire of the people. 


PLATE I 


a. 1636. St. George Paiute. “Tau-gu and Major Powell.” (“Tau-gu, head 
(great) chief of the Paiutes of Arizona and Utah.’’) 

b. 1640. Moapa Paiute. “Making a calculation.” (“Five and three equal 
eight.” ) 

c. 1641. Moapa Paiute. “Wu-na-vi gathering seeds.” 


Pram y2 


1637. Moapa Paiute. “Pan-a-wai-tau-a.” 

b. 1657. Moapa Paiute. ‘“Tau-um-pu-gaip, a chief.” (‘““Tau-um-pu-gaip, sub- 
chief of the Mo-a-pa-ri-ats.” ) 

c. 1643. Moapa Paiute. ‘“‘Ai-at-tau-a, ‘beautiful man’, chief of the Mo-a-pa- 
ri-ats.” 

d. 1638. Moapa Paiute. ‘“San-on-kuts.” 
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PLATE 3 


a. 1620. Moapa Paiute. ‘Met on the trail.” 
b. 1639. Moapa Paiute. “Jim-mi-pin-mi and Si-ka-whi.” (‘Pi-ka-whi.”) 


PLATE 4 


a. 1652. Las Vegas Paiute. ‘The old gamblers.” 
b. 1650. Las Vegas Paiute. “Two old boys.” 


PLATE 5 


a. 1051. Las Vegas Paiute. “Komohoats hunting. Also called Jim Pilling.” 

b. 1627. Las Vegas Paiute. “Ta-noats.” 

c. 1644. Las Vegas Paiute. “Enuintsigaip. One of Major Powell’s guides.” 
(‘“‘E-nu-ints-i-gaip, one of the ancients.” ) 

d. 1645-b. Las Vegas Paiute. “Kani.” 


PLATE 6 


a. 1649-a. Las Vegas Paiute. “The brother chiefs and their squaws.” 

b. 1646. Las Vegas Paiute. “Antinaints and Ci-gav.” (“Sigav and Anti- 
naints.” ) 

c. 1648-b. Las Vegas Paiute. “Antinaints, Putusiv and Wichuts in native 
dress.” 
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PLATE 7 


1623. Kaibab Paiute. “The Tavokoki or Circle Dance (winter costume).” 


PLATE 8 


1622. Kaibab Paiute. “The Tavokoki or Circle Dance (summer costume ).” 


PLATE 9 


a. 1610. Kaibab Paiute. “The basket maker.” 
b. 1609. Kaibab Paiute. “The arrow-maker and his daughter.” 


PLATE 10 


a. 1624. Kaibab Paiute. “The game of kill the bone, ‘Ni-aung-pi-kar’.” (“The 
game of Ni-aung-pi-kai.”) 
b. 1597. Kaibab Paiute. “Chu-ar-ru-um-peak and family in native dress.” 


PPATEE 


1604. Kaibab Paiute. “Summer home under cedar (tree).” 


PLATE I2 


1605. Kaibab Paiute. “The home circle.” (“At home.” ) 


PLATE 13 


a. 1611. Kaibab Paiute. “Woman grinding grass seed.” (“Woman grinding 
seed.” ) 

b. 1601. Kaibab Paiute. “A domestic camp scene.” (“Waiting for the kettle 
to boil.”) 


PLATE 14 


a. 1602. Kaibab Paiute. “The grandfather’s pride.” (‘Proud of their grand- 
son.” ) 


b. 1614. Kaibab Paiute. “Group of women in native dress.” (“Group of women 
in full dress.” ) 


PLATE 15 


a. 1617. Kaibab Paiute. “The empty cradle.” 
b. 1599. Kaibab Paiute. “Mother and child.” (“The mother.” ) 


PLATE 16 


a. 1606. Kaibab Paiute. “Women water carriers.” (‘The water carriers.’’) 
b. 1607. Kaibab Paiute. “Women seed-gatherers.” (“The seed gatherers.” ) 


ho 


bo 


b. 
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PLATE 17 


1613-a-2. Kaibab Paiute. ‘Groups of tribesmen in native dress.” (“Group 
of men in full dress.’ ) 

1612. Kaibab Paiute. “Chu-ar-ru-um-peak and his friends. Head chief of 
the band.” 


PLATE 18 


1618. Kaibab Paiute. ‘Chu-ar-ru-um-peak shooting. Head chief.” (“Chu- 
ar-ru-um-peak shooting a rabbit.’’) 

1593-b. Kaibab Paiute. “Ku-ra-tu.” 

1595. Kaibab Paiute. ‘‘The rabbit skin.” 

1589. Kaibab Paiute. “Won-si-vu and Ku-ra-tu (on right).” 


PLATE 19 


1619-a. Kaibab Paiute. ‘“Kindling fire by friction.” 
1613-b. Kaibab Paiute. “Group of five men and women in native dress. 
(Showing the wi-geav or feather headdress ).” 


PLATE 20 


1634. St. George Paiute. “The home of Tapeats.” 

1631. St. George Paiute. “The hunter.” 

1626. St. George Paiute. “Moack-shin-au-ay, chief of band.’ (‘“Moak- 
shin-au-ay, chief of the U-ai Nu-ints.’’) 


PLATE 21 


1633. St. George (?) Paiute. “An encampment or village. Ka-ni-ga. The 
camp ground.” 

1635. St. George Paiute. “Lodges in the village.” (‘“Nu-nu-shi-unt. The 
dreamer.” ) 


PeATE) 22 


1629. St. George Paiute. *““Mokuiuk and his daughter.” (‘“Mo-kwi-uk.”) 

1625. St. George Paiute. “Ta-peats.” 

1630. St. George Paiute. “Kivitoos and his son.” 

1632. St. George Paiute. “The little hunter and his girl.” (“The little 
hunter and his sweetheart.” ) 

1628. St. George Paiute. ‘“Monsu and Suvuit.” 


PLATE 23 
1538. Uintah Ute. “Indian boy on watch.” (“The boy in the cedar.’’) 
1548-a. Uintah Ute. “Encampment and tree outlook.” (‘‘The watch tower.” ) 


PLATE 24 


1546. Uintah Ute. “Encampment showing elk skin tipi. Parfleche bag (?) 
in foreground.” (‘“The Elkskin tent.” ) 
1542. Uintah Ute. “A domestic camp scene.” (‘‘Babe in cradle.”) 
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PLATE 25 
1544. Uintah Ute. “Antero’s encampment, showing tipi, shelter, etc.” (‘House 
of Antero.’’) 
PLATE 26 


a. 1535. Uintah Ute. “The warrior and his bride.” 
b. 1547. Uintah Ute. “Home of Ta-va-puts, head chief.” (“Ya-va-puts.”) 


PLATE 27 
a. 1525. Uintah Ute. ‘“Nau-no-kwits and his eagle.” 
b. 1530. Uintah Ute. “Nau-no-kwits and Qu-u-en.” (‘“Ku-ri-en.”) 
1522. Uintah Ute. ‘‘Shi-ra-sa, wife of To-ka-wah-sae.” 
PLATE 28 
a. 1486-b. Uintah Ute. “Antero, war chief of Ute.” 


b. 1541. Uintah Ute. “Making a calculation.” (“Indians counting.” ) 
c. 1529. Uintah Ute. “Yan-mo, wife of Won-wan, in native dress.” 
d. 1600-b. Labeled “Paiute” but probably is Uintah Ute. “Visiting the settler.” 


PLATE 29 


ad. 1526. Uintah Ute. ‘‘Pah-ri-ats, in native summer dress.” 
b. 1527. Uintah Ute. “Pah-ri-ats, in native summer dress.” 
c. 1524. Uintah Ute. “Sai-ar and family.” 


PLATE 30 


1531. Uintah Ute. “Girl on horseback.” (“Indian girl on horseback.’ ) 


PLATE 31 


a. 1533. Uintah Ute. “A young maiden.” (‘The maiden.’ ) 

b. 1539. Uintah Ute. “The runner.” (‘“The messenger.” ) 

c. 1537. Uintah Ute. “A young warrior and his dog.” (“Indian boy and his 
dog.” ) 

d. 1534. Uintah Ute. “Boy and girl.” 
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(WitH Two PLates) 


INTRODUCTION 


The present paper describes a photometric method for the determi- 
nation of small amounts of total chlorophyll present in plant tissue, 
and the apparatus employed. The method is based on the fact that 
chlorophyll has an absorption band in a certain region of the spectrum 
that does not overlap the absorption bands of other soluble pigments 
such as carotenoids. Although it is fully realized that other methods 
have been employed and described, it is nevertheless felt worth while 
to point out some advantages of this method which is adapted very 
nicely to certain problems under investigation in this laboratory. 


APPARATUS 


The apparatus is illustrated in plate 1 and figure 1. Essentially it 
consists of a light source properly shielded in a housing and a hori- 
zontal optical path in which the chlorophyll solution may be interposed. 

A single-filament street-series lamp (1,000 lumens and 6.6 amperes ) 
serves admirably as the light source. This is connected to Io storage 
batteries in such a manner as to give 12 volts. A battery source of 
current is more desirable than the commercial city supply because of 
its steadiness. Inside the lamp housing is a metal cylinder which may 
be raised or lowered so as to transmit or intercept the light in its 
passage through the optical system. From a condensing lens 3 inches 
in diameter (shown in fig. 1) the light is passed through a Corning 
heat-resistant, heat-absorbing light shade glass filter 2.66 mm. thick 
(F,), a Corning heat-resistant pyrometer red, number 241, 48 percent 
filter, 4.85 mm. thick (F.), and a glass cell 2 cm. thick containing 





* Presented before the Division of Biological Chemistry of the American 
Chemical Society, Baltimore, Md., Apr. 3-7, 19309. 

* The authors wish to acknowledge the assistance of L. A. Fillmen in the 
construction of the apparatus, and of E. R. Brydon in carrying out the 
determinations. 
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distilled water. This water cell (F;) is connected to a small reservoir 
kept at room temperature and by thermosiphon action the accumulation 
of heat is minimized. By means of these filters the radiation utilized in 
the transmission measurements is restricted to the range from 6240 A. 
to just beyond the visible in the near infrared. 





Fig. 1—Diagram of apparatus used for the determination of small amounts of 
chlorophyll. Fi, Corning heat-resistant, heat-absorbing, light shade giass filter, 
2.66 mm. thick; F:, heat-resistant, pyrometer red, No. 241, 48 percent filter, 4.85 
mm. thick; F:, glass water cell, 2 cm. thick; C, glass absorption cell 5 cm. long 
used for holding chlorophyll solutions ; T, vacuum thermocouple. 


A thermocouple (T) is employed as the energy receiver. The brass 
thermocouple housing is thermally insulated from the lamp housing 
by a cylinder of Bakelite whose interior diameter is decreased in steps 
to reduce internal reflections. 

The thermocouple has been developed and built in this laboratory 
by L. B. Clark. The receiver is a circular disk I mm. in diameter and 
0.00127 mm. thick. The couple is permanently evacuated to a pressure 
of less than 10°* mm. mercury which increases its response 20- to 
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30-fold. It is a rugged type of high sensitivity and has a uniform 
response over the wide range from 2500 A. to 6.5 w. This transmission 
range has been obtained by the use of a so-called “bubble window” 
which is a thin (.025-.050 mm. thick) disk of glass that is fused to the 
cell body and then sucked in. The couple, whose zero stability is 
excellent, has a resistance of about 15 ohms and gives 3.3 microvolts 
per microwatt per square millimeter. Its time response is less than 
that of commercial galvanometers. 

The couple is connected directly to a Moll galvanometer without 
intermediate means of amplification. This galvanometer has a period 
of 1.3 seconds with an internal resistance of 50 ohms and the external 
resistance for critical damping may be varied from 120 to o ohms. 
At a scale distance of I m. a deflection of I mm. corresponds to a 
current of 6x 10°° amperes. 

The absorption cell (C) is 5 cm. long and has a volume of Io ml. 
It is constructed of Pyrex glass with fused-on ends. 


PREPARALION OF EXT RAGCE 


The plant material is thoroughly ground by hand in a mortar with 
sand and acetone, and the solution decanted and filtered under reduced 
pressure. The residue, which is retained in the mortar, is ground and 
the solution filtered twice more, all the filtrates being combined. This 
requires from 10 to 15 minutes. Carotenoids are not separated from 
the chlorophyll. It is essential-that all suspended material be removed 
from the solution since the slightest turbidity reduces the transmitted 
energy and introduces an error in the chlorophyll determinations. 
After trying several kinds of filters the one illustrated in plate 2 has 
been found very satisfactory. Several layers of close-grained filter 
paper are placed in position between the ground faces of the upper and 
lower portions of the filtering tube. A brass collar fits against a 
shoulder on each part of the filter tube and by means of screws the 
ground faces are held tightly against the filter paper. 


DETERMINATIONS 


Before making determinations of unknown chlorophyll solutions it 
was necessary to construct a calibration curve (fig. 2) from known 
concentrations of purified chlorophyll solutions.” It has been deter- 


“The purified chlorophyll solutions and the unpurified leaf extracts gave 
identical absorption curves in the region from 6000 A. to 7400 A. We are 
indebted to Dr. K. S. Gibson and H. J. Keegan of the Colorimetry Section, 
National. Bureau of Standards, for the determination of these curves with the 
General Electric recording spectrophotometer. 
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mined that additions to the standard chlorophyll solutions of carotene 
or xanthophyll in amounts up to a hundred times that of the 
chlorophyll, do not influence the transmission in the spectral region 
employed. 


PER CENT TRANSMISSION 
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Fig. 2—Calibration curve showing percentage transmission plotted against 
milligrams of chlorophyll per liter. 


Once this curve has been established the continued use of standard 
chlorophyll solutions is eliminated. The transmission data obtained 
from unknown chlorophyll solutions are compared with the calibration 
curve and the concentrations read directly. The calibration curve 
used is an empirical one for the particular filters, absorption cell, and 
solvent employed. 
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In determining the percentage transmission of a chlorophyll solu- 
tion the galvanometer deflections with and without the absorption cell 
and solution in position are observed alternately. The percentage 
transmission obtained from the average data is used in reading the 
concentration of chlorophyll from the calibration curve. 

About 5 to 10 minutes are required to make the transmission deter- 
minations. With the 5-cm. absorption cell the sensitivity is 0.1 micro- 
gram (1/10,000 milligram) of chlorophyll. One square centimeter of 
leaf is sufficient for duplicate determinations which check within 2 to 
3 percent. This method is independent of any visual comparisons of 
intensity or color. 

In a study of the influence of the extraction technique on the results, 
it has been found that preliminary killing of the leaves by immersion in 
boiling water, or the addition of calcium carbonate during the grinding 
does not affect the amount of chlorophyll extracted. 

Furthermore, in these studies made with barley leaves it was found 
that the presence of light during the short extraction period is negli- 
gible. The chlorophyll content of the extract remains unaltered during 


~ 


at least 2 weeks storage in the refrigerator (about 4° C.). 


SUMMARY 


The method of determining small amounts of chlorophyil herein 
described is based on the transmission of light in the region of the 
red absorption band of a solution of chlorophyll in acetone. The 
transmitted energy is determined by means of a galvanometer and a 
vacuum thermocouple of extremely high sensitivity. The percentage 
transmission of the acetone extracts of plant material is then compared 
with a calibration curve constructed from data obtained with solutions 
of purified chlorophyll. 

This method eliminates the constant use of standard chlorophyll 
solutions and is not influenced by the presence of carotenoid pigments 
in the extract. Furthermore, it is unaffected by minor fluctuations in 
the light intensity, and errors involved in subjective intensity and 
color comparisons are avoided. 
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(Wit NINE PLATES) 


The Helt Township meteorite, a small but unusually interesting 
meteoric iron from Indiana, which has a fairly satisfactory history of 
having been observed to fall, was obtained by the writer in 1927 from 
William J. Seaver, a mineral dealer of Webster Groves, Mo. It was 
originally in the geological collection of the late John Collett, who was 
State Geologist of Indiana from 1878 to 1885, and who died in 1899. 

Mr. Seaver stated that Dr. Collett at his death left a large collection 
of minerals and fossils at Terre Haute, where for many years they 
were stored in a cellar, suffering from loss and pilferage. All this 
material was bought by Mr. Seaver in 1915, and included in it was a 
collection of 13 small specimens of meteorites in a cabinet. Several 
years later, in a case of Indiana minerals and fossils, this additional 
specimen was discovered. When obtained by the writer it still bore a 
gummed label with the words ‘“‘Vermillion County, Ind.” in pencil. Dr. 
Collett may have kept it apart from the other meteorites because of a: 
special interest in the specimen, arising from the fact that his home 
and birthplace were in that county, or perhaps because of the circum- 
stances of its acquisition. 

On the latter point definite information was furnished by the geolo- 
gist’s nephew, John S. Collett, of Indianapolis, who in 1929 wrote: 

The meteorite now possessed by you was found in Vermillion county, in Helt 
township, by a farmer who saw it fall and heard the explosion as he was walking 
from his barn to his house between nine and ten o’clock in the evening. The 
next day he examined his fields and found a place of fresh earth that looked as 
if a small blast of explosive had been discharged—a sort of ragged opening like 
a small post-hole. Upon excavating he found the specimen you now possess, 
which was brought by the finder in person to the Professor at the State House 
in this city. The farmer’s name as I remember it was Frist, the year about 
1883 or 1884. 

Correspondence with persons by the name of Frist in that township 
brought no information other than that they had heard that something 
had fallen in the neighborhood many years ago. 
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No further details could be furnished by Mr. Collett. His state- 
ment that the farmer “saw it fall’? cannot be taken literally, for at 
that hour of the night he could not have seen it fall after it had ceased 
to be luminous ; and if the appearance had been that of a fireball strik- 
ing the earth, it actually would have struck many miles away. We may 
fairly assume, therefore, that it fell nearly vertically and that he saw 
the light and later heard a noise—perhaps not aptly described by the 
word “explosion.” The hum or swish near the end of its flight perhaps 
was audible, and so gave him the impression of something falling 
nearby. At any rate, whatever he observed was such as to convince him 
that something had fallen and to prompt him to search for it the next . 
morning. 

The meager narrative of this occurrence is quite consistent with the 
supposition that this small iron fell in the manner above suggested. 
If any improbability attaches to that supposition, the coincidence of 
Frist seeing and hearing a meteor, believing it fell close to him, and 
actually finding an obviously freshly fallen meteorite the next day, 
would surely be much more improbable. The facts therefore seem 
to justify adding this to the short list of iron meteorites of which falls 
have been observed. 

It is a flake-shaped mass, flat on one side and slightly convex on the 
other. It weighed when received 218.5 grams, having lost perhaps 10 
or 15 grams when one side was polished by Dr. Collett. It was about 
6 by 7 cm. in its larger dimensions and about 1.5 cm. in its greatest 
thickness. 

The surface of the flat side which is covered by a very thin, slightly 
shining coating of magnetic oxide, shows no rust or abrasions and is 
characteristically pitted. At one edge a fine crack extends inward about 
2 cm. from the edge on the flat side and a shorter distance on the 
rounded side, which undoubtedly resulted from stresses during its 
flight flatwise through the air. No evidence of drift is apparent on the 
fusion crust. © 

Most of the convex surface had been polished and etched by Dr. 
Collett, the polished surface following the original rounded contour 
(pl. 1, fig. 2). In order to provide an adequate surface for study, it 
was cut in a plane parallel with the flat side, whereby a slice about 5 
mm. thick was removed and a surface about 4 by 5 cm. was obtained. 

The structure is of the coarsest octahedral type (Ogg), the width of 
the bands ranging from 2 to 4mm. They are slightly curved or wavy, 
of variable width, with irregularly rounded ends. The etched surface 
corresponds roughly with a cubic plane, and the kamacite bands run in 
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one general direction, with a few short ones at right angles and occa- 
sional rounded areas. Most of the bands have an oriented sheen, 
though not strongly marked; some show little or no variation as the 
direction of the light changes. 

The meteorite consists almost entirely of kamacite, with few plessite 
fields, a sparing development of taenite, and numerous schreibersite 
inclusions. Generally, the kamacite bands are not separated by taenite 
lamellae, but only by invisible boundary lines along which contrasts of 
structure appear on etching. Often small bodies of schreibersite or of 
taenite, elongated and of various shapes, appear along such boundaries, 
but such inclusions are rarely continuous for more than short 
distances. 

Near one corner of the polished surface is an area about 2 cm. 
square which shows no definite figures. In this area the taenite is in 
short thin lines, or occasional baguettes or irregular shapes, with one 
sprangling inclusion about 2 by 5 mm. in size. 

Plessite fields are few, consisting mostly of eutectiform areas of 
taenite lamellae of the type shown in plate 2, figure 1, termed “per- 
litoid” by some of the German writers. Other areas are filled with 
coarse oriented skeletal growths (pl. 2, fig. 2; pl. 3). No fields filled 
with fine taenite particles or threads, nor areas of dark (micro) 
plessite, were observed. 

Plate 5 shows a taenite lamella with breaks suggesting the appear- 
ance of faulted rock strata, a result of local deformation. Similar 
but less conspicuous displacements are observable in other spots (pl. 8, 
fig. 1). Such displacements always coincide with Neumann lines, 
and in the area shown in plate 5 a considerable movement took place 
along the gliding planes marked by some of the lines. 

Neumann lines are caused by shock or quick stress, and it has been 
suggested by various writers that they may have been produced when 
a mass of meteoric iron struck the earth. In the present case it is 
clear that the disturbance that produced the displacements (and 
simultaneously the Neumann lines) must have occurred before the 
mass reached the earth, and prior to the partial alteration of structure 
produced by reheating during flight, which in places obliterated the 
Neumann lines. The shock of the impact of such a small mass upon 
soft earth would be comparatively slight; but the violent stresses 
resulting from atmospheric pressure during flight (sufficient often to 
cause cracks in iron meteorites, and sometimes disruption) would 
readily account for evidences of deformation, ranging all the way 
from light Neumann lines to pronounced displacements of structure. 
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It is to be noted that the granular border or aureole which developed 
around all inclusions after the formation of the Neumann lines follows 
the irregularities of the taenite, but the grain boundaries give no 
evidence of mechanical deformation. 

In the Tamarugal (El Inca) iron the fracture of a troilite nodule 
and the displacement of the broken halves are described and illustrated 
by Rinne and Boeke.t Fractures and displacements in schreibersite 
inclusions have also been observed by Brezina in the Puquios iron, 
and by Cohen in that of Chesterville. 

Schreibersite and taenite inclusions of similar form are often juxta- 
posed, or alternate with one another along band boundaries, and the 
two substances are so nearly identical in appearance that they are not 
easily distinguished except by selective etching (pl. 4) or by a hard- 
ness test. 

Numerous schreibersite inclusions, which with ordinary etching 
appear clear and featureless, reveal a highly developed eutectic struc- 
ture when etched lightly with sodium picrate (pl. 6). The etching 
must stop at exactly the proper stage, for a few additional minutes 
will cause the structure to disappear in a uniform black. 

The anomalous structure shown in plate g is apparently an area 
of phosphorus enrichment in kamacite. Except for the peculiar 
eutectoid appearance the kamacite is little changed, Neumann lines and 
rhabdites appearing within the area. The rhabdites, it will be noted, 
are surrounded by phosphorus-poor aureoles, both within and without 

the area. 

- Schreibersite in the form of rhabdite is abundantly disseminated 
through the mass in squares, rectangles, and rhombs, diversely ori- 
ented, as shown in plate-9 and plate 8, figure 2. In the latter figure 
the rhabdites are surrounded by black borders—an optical effect due 
to the fact that, because of their hardness, polishing left them slightly 
in relief and thus the light is reflected away from the iron immediately 
surrounding them. 

Two or three minute grains of chromite were observed, but no 
troilite. 

Neumann lines are conspicuous, often running uninterruptedly 
across several bands with no change, or slight change, of direction at 
the boundaries. 

Superficial heating during flight apparently caused partial or incipi- 
ent alteration of the kamacite almost throughout the mass by the for- 


*El Inca, ein neues Meteoreisen. Neues Jahrb. Min., Geol., Pal., Festband 
1907, Pp. 227-255. 
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mation of granulated areas in which the Neumann lines are partly or 
wholly obliterated. In the central part of the polished surface these 
areas are surrounded by unaltered kamacite in which the lines show no 
change, but near the edges the alteration is uniform. 

Experiments by several investigators referred to by the writer in 
“The San Francisco Mountains Meteorite,” * have established that 
kamacite is completely altered by heating for the equivalent of about 
1,000° for 1 or 2 seconds. In this case the incomplete alteration indi- 
cates a minimum degree of heating—probably brief and not far above 
the alpha-gamma inversion, which for kamacite (with rising tempera- 
ture) would be about 700°. 

Incipient alteration is observable around all inclusions. Wherever 
taenite or schreibersite appears it is surrounded by granulations. They 
also appear in stringlike form along the invisible, or barely visible, 
lines connecting such inclusions (pl. 8, fig. 1), and along the boundaries 
of kamacite bands where no taenite is visible. In such places a plane 
of nickel or phosphorus enrichment, although not producing a visible 
line on the etched surface, was evidently sufficient to initiate the process 
of recrystallization. 

In the aureoles surrounding rhabdite crystals (pl. 8, fig. 2) the grains 
are noticeably lighter and more homogeneous than the surrounding 
unaltered kamacite, which is more or less darkened by a profusion of 
extremely minute particles. 

Assuming that such minute particles consist of phosphide, its migra- 
tion to the rhabdite could account for such a clearing up of the adjacent 
newly formed grains. Because of the lower melting point of the 
phosphide the alteration of the kamacite started at the rhabdite 
crystals, and as it proceeded outward, the newly formed grains gave 
up their phosphide and became practically pure kamacite. As such 
migration would take place far below the melting point of kamacite, 
the process would be relatively slow and could extend only a short 
distance during the brief period of heating. That the same process 
should take place around taenite inclusions is not inconsistent, because 
taenite probably always contains some phosphide and is often dis- 
tinctly bordered with it, as sodium picrate etching reveals. Plate 4 
shows a phosphide eutectoid area in taenite. 

Vogel * holds that the larger crystals and masses of schreibersite 


* The San Francisco Mountains Meteorite. Amer. Journ. Sci., vol. 28, p. 216, 
Sept. 1934. 

* Eine umfassendere Deutung der Gefiigeerscheinungen des Meteoreisens . . . 
Abh. Ges. Wiss. Gottingen, Math.-Phys. Klasse, III Folge, Heft 6, 1932. 

Uber die Strukturformen des Meteoreisens ... Ibid., Neue Folge, Band XII, 
2, 1027; 


6 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


originate in the melted stage, citing the fact that they are often sur- 
rounded by a granular area corresponding with a phosphorus-poor 
zone, which would indicate a rapid separation of the schreibersite as 
the cooling progressed ; but that nevertheless such areas can arise from 
incipient solution of the crystals in a solid state, which process with a 
rising temperature in an alloy of the composition of kamacite would 
begin at around 700°. The temperature named by Vogel is the alpha- 
gamma inversion point on heating; on cooling that point would be 
about 200° lower, so the process would be correspondingly prolonged. 

Either of Vogel’s explanations of the origin of such granular 
kamacite areas involves phosphorus impoverishment near the schrei- 
bersite masses. In the present instance, since the alteration which 
produced the new grain boundaries was the result of reheating after 
the Neumann lines were formed, it is possible that the migra- 
tion of phosphide from the surrounding kamacite accompanied the 
formation of the grains. 

An interesting analogy is presented by the process of recrystalliza- 
tion in cast iron, as shown by a sample that had been subjected to 
more and more extended annealing at a temperature of about 800°. 
Graphite nuclei grew by accretion, carbon being absorbed from the 
cementite in the surrounding areas, until finally granulation was com- 
plete, the graphite nuclei had absorbed all the carbon, and the ground 
mass consisted of grains of pure ferrite. The later stages of the 
process produced granulated aureoles around the graphite nuclei much 
resembling those surrounding the rhabdites in the iron here described. 

The more remote the rhabdite crystals are from the surface of the 
mass, the less granulation appears around them. The surface left after 
removing the slice, which is perhaps half an inch below the highest 
part of the original surface of the mass, shows in its central portions 
many rhabdite crystals with little or no surrounding granulation. 

Plate 7, figure 1, shows a very minute schreibersite inclusion of 
unusual character, its edges having a prickly appearance due to a 
slight extension of phosphide into the surrounding iron at grain 
boundaries. The phosphide also appears segregated along certain grain 
boundaries at some distance from the inclusion. 

This inclusion is close to the surface of the mass, where the effect 

f the temporary reheating during flight was greatest, and the in- 
vasion of the iron by the phosphide at grain boundaries is obviously 
due to a brief melting of the schreibersite. As its melting point is 
below 1,000°, a reheating sufficient to produce granulation in the 
kamacite would also be sufficient for such fusion. Slight traces of a 
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similar incipient diffusion may be seen in plate 6, figure 2. Schreiber- 
site inclusions presenting exactly the same appearance are observable 
in hexahedrites and nickel-poor ataxites that have been altered by 
reheating. 

Plate 7, figure 2, shows a larger schreibersite inclusion close to the 
edge of the slice, which after fusion solidified with a eutectoid struc- 
ture. While liquefied it dissolved some of the surrounding iron, which 
later separated in minute droplike particles. 

At one point at the edge of the polished slice melted magnetic 
oxide, produced superficially during flight, has invaded the mass 
slightly. One of the larger schreibersite masses enveloped in the oxide 
is scarcely altered, but one or two rhabdite crystals were observed to 
have become rounded into droplike form. 

Because of the small size of this iron, no analysis was made. Its 
structure would indicate approximately the usual nickel content of 
coarsest octahedrites, a substantial amount of phosphorus, and little 
or no sulphur. 

The name Helt Township is chosen for this meteorite, the main 
part of which has lately been given by the writer to the United States 
National Museum. It is the ninth meteorite, and the fourth siderite 
reported from Indiana. 
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1. FLAT SIDE OF HELT METEORITE 
About natural size. 





2. ROUNDED SIDE OF HELT METEORITE 
Partly polished and etched. 
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2. SKELETAL GROWTH OF TAENITE ENCLOSING EUTECTOID 


SKELETAL GROWTH OF TAENITE. THE IRREGULAR INCLUSIONS 
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PHOSPHIDE, PORTION OF A LARGER AREA 


Picral and 10 minutes sodium picrate, x 250. 
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ENRICHMENT IN KAMACITE 


AREA OF PHOSPHORUS 


Sodium picrate 7 


minutes and picral 10 seconds, x 100. 
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THE WEEKLY PERIOD IN WASHINGTON 
PRECIPIP ATION 


By C. G. ABBOT anp N. M. McCANDLISH 
Smithsonian Institution 

Golf and tennis players working in Washington, D. C., are some- 
times disappointed by a succession of rainy Saturday afternoons. So 
insistently has this forced itself on our attention that we have examined 
the daily weather record at Washington for the years 1924 to 1939 
to see if there is any real ground for supposing that there is a marked 
period of seven days in precipitation. 

Other researches of this Institution have indicated that variations 
of the sun are important causes of weather changes. As the sun’s 
rotation period is slightly less than 4 weeks, we were inclined to 
suppose that a period of one-fourth that of solar rotation or slightly 
less than 1 week, if found in weather, might be associated with the 
sun's rotation. If it were really caused by a solar variation, and 
related to the sun’s rotation, then the weekly weather period, while 
nearly constant in length, would probably shift in phase occasionally. 
For it is well known that solar features, such as sunspots, while they 
may be nearly fixed on the sun’s surface for several rotations, soon 
disappear and are succeeded by others at other solar longitudes. 

Statistics soon persuaded us that, so far as there is evidence for 
this nearly weekly weather period, it seemed indeed to be a little 
less than 7 days. As a first approximation we assumed that the day 
of maximum precipitation shifts 1 day earlier in the week on each 
successive month. As a rough and ready index of precipitation we 
computed for each month separately the percentages of the total 
monthly precipitation which fell on the seven’successive days of the 
week, Sunday to Saturday. We arranged these monthly percentages 
in a table in which the week-day names shifted to the left by 1 day 
each month. 

Taking sums of the seven columns of our table we were then in a 
position to see whether the day of maximum precipitation did actually 
remain in the same column, or nearly so, for long intervals. To illus- 
trate these procedures we give tables 1 and 2. 

As is apparent from table 2, the same column contains the day of 
maximum precipitation for the yearly average for 4 successive years, 
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from 1926 to 1929 inclusive. The columns of maximum precipitation 
in 1924 and 1925 are shifted from this prevailing place only two col- 
umns and one column later than this in the week, respectively. In 1930 
the highest maximum occurs several days later in the week, but a maxi- 
mum only a very little lower than this occurs in the same column 
as for 1925. In 1931 the position of maximum returns to the column 
frequented from 1926 to 1920. 


TaBLEe 1—Percentages of Monthly Total Precipitation Falling on Successive Days 
of the Week, 1929 
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If, as suggested above, the cause of the weekly weather period 
is associated with solar rotation, and if the period is constant while 
the phase is subject to changes as features form and disappear on the 
sun, then there is no reason to expect the interval which we term the 
year to have any special relationship with the persistence of any par- 
ticular phase. Accordingly we have sought to make a better arrange- 
ment by comparing from month to month the distribution of per- 
centages of precipitation falling on the dates I to VII of table 2. 
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This study led to the arrangement shown in table 3, where sums are 
given of the monthly percentages in the dates I to VII through the 
intervals indicated. Maxima are printed in bold-face type, minima 


in italics. 


TABLE 2—Yearly Sums of Monthly Percentages of Total Precipitation Falling on 
Successive Days of the Week, 1924-1939 


Year I 

MQ 2A erere sls eastirshe. © jaye 142 
NG) IS Ea Was oraiciiss aos 198 
NO 2 Ow nea ase eS, aks 211 
NO 2 eee tle oS 105 
MQ 2 Sirians rest vs +. 95 
iG PI \e a era Orcneae enone 170 
MO OR Rewera) shay ccnis Gy = Eire 151 
OAM nciete- snes siis ce 193 
ICQ DR Re icp Malle sas 257 
DOB 8 eee voyehs io: arta Gav's hia 154 
MQBA Ry eee s ised 058s 229 
MOR Slee cal ane. chase sats 126 
NQS Olaeis «ai arstys ace < Lyall 
MOG jhenavessts iis els eo 5 137 
OD OMT tee cto a oy: 162 
NOB OREM ssa sees 50 
Mliotalsie yas oh: 82551 

Interval 


Jan. «ro24—Oct. 1924... .. 
Nov. 1924—-Sept. 1925.... 
Oct= 1925-Nov. 1927... .. 
Decm1927—-Oct. 1928). =. 

Nov. 1928—Dec. 1929.... 

Jan. 1930—Mar. 1931.... 
Apr. 1931—Dec. 1931..... 
Jan. 1932—Nov. 1932..... 
DEG l082—Nov os3nier. 
Dec. 1933—Mar. 1935.... 
Apr. 1935—Dec. 1935.... 
Janeloz6—Dec 1920" 0 4. 
Jan. 1937-June 1937.... 
July 1937—Dec. 1937... 

Jan. 1938—-May 1939..... 


By reduction of table 3 to percentages there results table 4. 


171 


I 


2 
<7, 


II 
157 

40 
632 
148 
399 


Successive Days 


II 

183 
248 
147 
118 
167 
292 
314 
161 
131 
169 
280 
232 
215 
161 
122 


25 
965 


TABLE 3 


Ill 

71 
342 
279 
148 
315 
402 

73 
128 
132 
416 
136 
215 

40 
121 
147 


IV 
260 
205 
160 
167 
228 
133 
105 
96 
225 
168 
103 
334 
LDS 
186 
240 
105 


868 


IV 
252 
196 
395 
231 
169 
14! 

60 
225 
I25 
203 
277 
153 

93 


93 
345 


193 
100 
104 
131 
113 
167 

86 
183 
147 
107 

gI 
181 
290 
237 
II5 

93 


2,338 


Vv 
190 

74 
258 
112 
174 

g2 
177 
129 
125 
I15 
157 
290 
133 
104 
208 


VI 
98 
231 
144 
140 
221 
89 
344 
106 
99 
178 
137 
103 
89 
226 


239 


VI 
73 
135 
361 
258 
96 
351 
99 
63 
214 
156 
84 
89 
154 
72 
287 


VII 


217 


139 


150 
224 
107 
297 
182 
124 

35 
165 
160 

66 


ho 


ty 
OV 
oo 


vil 


Oo) 
105 


AIS 


138 
45 
155 
219 
107 
290 
214 
99 
35) 
85 
80 
226 


From table 4 we conclude that, assuming a periodicity of 6 days 
18 hours in precipitation at Washington, a day of maximum precipi- 
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tation persists in the averages for many months, on which day from 
2 to 8 times as much precipitation falls as on neighboring days of 
minimum precipitation usually 1 day earlier and 2 days later. At 
intervals ranging from 40 to 100 weeks the day of maximum precipi- 
tation shifts a little, within the period, and at times, though rarely, a 
pronounced double maximum persists. 


TABLE 4—Percentages of Precipitation on Selected Days 


2 i Max. 
Interval I II III IV V VI VII ‘Total Min. 





Jan.. 1924-Oct.. 1924... 1.4. 17-4 | 7:9 °28:0) Vor.1) 8.1 0-7 Oo meare 
Nov. .1924—Sept. 1925... 18.4 4.2 32.1 17.8 6.7 12.3 9.5 T0007 
Oct.) 1925-Nov-119275.- 13:4) 24:3) 10:7) oc7) OO) 13-0 e 10 Om TOOMmES 
Dec: 1927-Oct. 1928... 5.6 13.5 23-5 21-0 10:2 23:5) 12-6) 7oommen 
Nov. 1928—Dec. 1929... 14-4 28:5 22.5) 12.7 12:4. ~6.9) 93.2 100mne 
Jan. 1930-Mar 1931. 10-0) 13'0) 26:8) 9:4) 0-7 2324 Oss TOOmmaa 
Apr. 1931—Dec. ro3r... 19.8 10.8 8.1 6.6. 19:6 10.9 24:27 joomay, 
Jan. 1932—Nov. 1932... 23.3 17.5 11.6 20:4 31157 537). 0:7 scare 
Dec. 1932—Nov. 1933... 12.4 13:8 11.0 1014 TO.4 17:8) 222) 1eames 
Dec. 1933—Mar. 1935..- 16.6 14.5, 260 127 72 9:7. 13-4) 7000045 
Apr. 1935-Dec. 1935..: 10.6 5.7 .15:1 30:8 17:5 ‘9:3 15:0) Onn ese 
Jan. 1936—Dec. 1936... 14.2 20:8 17.9 12:7 241 7:4, 2:0 100 os 
Jan 1937—June 1937-22. 0-3) 1925) 10:72 all 535) 22-2) 5 4 OO eer 
July 1937—Dec;1937... 16.5 5.2 20:2) 15.5 17:3) 12.0) 13-3 Sroomas 
Jan. 1938-May 1939... 12:4 16.3. 6.6°20:3 12.2 16:0) 13:4) 4700eee 


In May 1939, an exceptionally dry month, maxima of precipitation 
occurred on Saturday and Monday. According to table 4 maximum 
precipitation should have occurred between them on Sunday. In 
reality zero precipitation occurred on Sunday, Wednesday, Thursday, 
and Friday. If we use the average position of maxima and minima 
in the interval from January 1938 to the present time, the maxima 
for June 1939 should fall on Sunday and Tuesday, the minimum on 
Saturday, and these features should come 1 day earlier in the week 
successively in subsequent months. 
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Bio SyhROM CLIPPERTON: ISLAND! COLLECTED. ON 
THE, PRESIDENTIAL, CRUISE OF 1938 


By ALEXANDER WETMORE 
Assistant Secretary, Smithsonian Institution 


Clipperton Island, the most eastern atoll in the Pacific Ocean, like 
most uninhabited tropical islands of its type, 1s the home of large 
numbers of sea birds, but not until the Presidential Cruise of 1938 
did the National Museum have the opportunity of obtaining certain 
desirable specimens of its avifauna. 

A party from the U. S. S. Houston landed on Clipperton for shore 
collecting on July 21, when, through the active interest of Lt. Comdr. 
T. J. Kelly of the vessel, and Michael Reilly, of the President’s 
personal staff, a series of 34 birds was obtained. 

On leaving the island it was necessary, because of rough water, to 
carry the specimens out through the surf in a burlap sack. On ship- 
board they were wrapped in cheesecloth and then frozen. Held in this 
condition until the conclusion of the cruise, they were then packed in 
dry ice, shipped to Washington from Pensacola, and placed in cold 
storage until made up in the taxidermy shop of the Museum. Thus 
handled the specimens came through in first-class condition and 
yielded excellent study skins. 

Following are notes on the species obtained : * 


Family SULIDAE 
SULA LEUCOGASTER NESIOTES Heller and Snodgrass 


CLIPPERTON ISLAND Boosy 


Sula nesiotes HELLER and SnopcrAss, Condor, vol. 3, May 1gor, p. 75 (Clip- 
perton Island). 


Five adult males, two adult females, an immature male and three 
young of assorted size in the down constitute an excellent series of 
this bird, the first from this locality to come to the National Museum. 
These skins are important in indicating that the Clipperton bird, 
currently considered identical with Sula leucogaster brewsteri of Baja 


*For a list of the birds of Clipperton Island see Snodgrass, R. E., and Heller, 
E., Proc. Washington Acad. Sci., vol. 4, Sept. 30, 1902, pp. 501-520. 
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California, is distinct and to be recognized as a separate geographic 
race under the name nesiotes given it years ago by Heller and 
Snodgrass. 

The identification of these birds from Clipperton Island has led to 
examination of all the boobies of this group from the west coast of 
the New World from Baja California to Gorgona Island, Colombia, 
with results that are of interest. While apparently uniform over large 
areas of the tropical oceans of other parts of the world there are three 
(barely possibly four) races of Sula leucogaster to be recognized in 
the limited area on the Pacific coast of the Americas under considera- 
tion. These differ from all other subspecies of the species in question 
in having the head in the male in part, or entirely, distinctly lighter 
than the neck and upper parts. Following are notes on these races: 


Sula leucogaster brewsteri Goss: 


Sula brewsteri Goss, Auk, 1888, p. 242 (San Pedro Martir Island, Gulf of 
California ). 


Male with the head partly light in color, the paler area confined 
mainly to the face ; female with upper surface, head, and neck brownish 
(uniform in shade like S. /. plotus of widespread distribution farther 
west in the Pacific but lighter colored). 

Range. 





Baja California, including the Gulf of California, to the 
Revillagigedo Islands. 

Measurements (in millimeters) —Males (6 specimens), wing 375- 
397 (384), tail 178-196 (187), culmen from base 90-95.3 (93.2), 
depth of bill at gonydeal angle 11.0-13.6 (12.4), tarsus 46.5-52.1 
(48.5), middle toe with claw 76.9-78.8 (78.0). 

Females (7 specimens), wing 389-414 (403), tail 176-198 (189), 
culmen from base 93.7-104 (98.4), depth of bill at gonydeal angle 
12.5-14.7 (13.2), tarsus 48.5-54 (51.5), middle toe with claw 76.9-78.8 
(78). 

In these measurements there are included data from three specimens 
in the Carnegie Museum from San Benedicto, Revillagigedo Islands, 
made available to me by A. J. van Rossem. In comparing the meas- 
urements of brewsteri and the other races here discussed the length 
of the tail is included but has not been considered in comparative 
studies of size as the rectrices in these boobies are often subject to 
much abrasion, depending probably upon the conditions under which 
the bird habitually perches, whether on sand or rock. 
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Sula leucogaster nesiotes Heller and Snodgrass: 


Sula nesiotes HELLER and SNopGRAss, Condor, vol. 3, May toot, p. 75 (Clip- 
perton Island). 


Male with the head and neck much lighter than brewsteri or etesiaca, 
the head in fully adult birds being almost white; back and breast 
more grayish, less brownish. Female with upper surface, foreneck, 
and breast darker, more sooty gray, less brownish than brewsteri or 
etesiaca. 

Range.—Clipperton Island, considered to range also to the Tres 
Marias and Isabel Island, western Mexico; a specimen assigned here 
seen also from Manzanillo, Colima. 

Measurements (in millimeters ).—(AII specimens from Clipperton 
Island, the type locality) : Males (11 specimens), wing 360-385 (376), 
tail 166-205 (188), culmen from base 90.2-97.3 (93.5), depth of bill 
at gonydeal angle 11.7-14.1 (12.9), tarsus 44.3-49.2 (46.7), middle 
toe and claw 72.0-77.9 (76.3). 

Females (7 specimens), wing 385-410 (400), tail 163-200 (178), 
culmen from base 97.6-100.8 (99.2), depth of bill at gonydeal angle 
13.7-15.7 (14.6), tarsus 47.1-51 (49.2), middle toe and claw 79.0- 
86.8 (82.6). 

The extent of the light color on the head and neck of the male in 
this race, and the darker, less brownish cast of the female, set this 
group of birds off strikingly from brewsteri to the north and etesiaca 
to the south, and the light color of the head that appears in males of 
these boobies on the Pacific coast of the New World and nowhere 
else finds in nesiotes its maximum expression. If nesiotes stood alone, 
it is so distinct from Sula leucogaster plotus, the widespread race of 
the Pacific Ocean marked by very dark coloration, and from Sula 
leucogaster leucogaster of Atlantic areas, in which the head and neck 
are darker than the back and wings, that it would appear as a distinct 
species. The connecting links are found in brewsteri and etesiaca. 

Recently van Rossem has described another form’ from Isabel 
Island near the Tres Marias group as similar to brewsteri but with 
smaller and more slender bill, paler upper parts and chest, and the 
male with the head white. His conclusion is based in part on speci- 
mens in the National Museum. While I have not seen van Rossem’s 
type, I have had available 9 males and 8 females from Isabel and the 
adjacent Tres Marias Islands. These birds are identical in coloration 
with skins from Clipperton, the type locality of nesiotes, so far as I 


* Sula leucogastra albiceps van Rossem, Trans. San Diego Soc. Nat. Hist., 
vol. 9, No. 4, November 21, 1938, p. 9 (Isabel Island, western Mexico). 
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can see. While at first glance they appear smaller than nesiotes, with 
the considerable series I have seen this is not indicated in actual 
measurement. Following is a summary of the dimensions of the 
available specimens from Isabel Island and the Tres Marias: 

Males (9 specimens), wing 366-389 (375), tail 161-193 (183), 
culmen from base 85.6-92 (89.4), depth of bill at gonydeal angle 
II.I-I2.2 (11.5), tarsus 43.5-48.5 (46.3), middle toe with claw 69-76.7 
(72.7) mm. 

Females (8 specimens), wing 391-418 (403), tail 178-198 (185), - 
culmen from base 92.8-100 (95.3), depth of bill at gonydeal angle 
I1.9-14 (12.9), tarsus 45.0-53.5 (48.8), middle toe with claw 72.9- 
83.8 (78.6) mm. 

Comparing these figures with those based on the birds from 
Clipperton we find that the wing lengths are almost identical. In 
length of culmen the smallest birds come from the supposed “albiceps” 
group, the average difference in length of culmen amounting to 
about 4 percent, but there is definite overlap in individuals. The bill 
also is very slightly more slender, though here again there is individual 
variation. The length of the tarsus in the two is quite similar, though 
the Isabel-Tres Marias specimens seem to have slightly smaller feet 
as indicated by the length of the middle toe with claw. On the basis of 
the material seen it appears to me that the differences presented are 
slight and do not permit recognition of albiceps as distinct from 
nesiotes at present, especially in view of the large size of the birds 
concerned, a conclusion reached only after somewhat prolonged con- 
sideration. Possibly more material may bring out the size distinction 
clearly, but from what I have seen I should expect instead that it 
might nearly or entirely disappear. It is only fair, however, to add 
that Mr. van Rossem has examined the National Museum material 
with me and does not agree. 


Sula leucogaster etesiaca Thayer and Bangs: 


Sula etesiaca THAYER and Bancs, Bull. Mus. Comp. Zodl., vol. 46, June 1905, 
p. 92 (Gorgona Island, Colombia). 


Similar to brewsteri but darker ; male with light color of head as in 
brewsteri but apparently less extensive in the fully adult bird; female 
closely similar to plotus but slightly darker and more uniform in shade 
of brown. 

Range.—Cocos Island, Costa Rica, through the Pearl Islands, 
Panama, to Gorgona Island, Colombia. 

Measurements (in millimeters). —Males (15 specimens), wing 360- 
384 (370); tail 183-187 (181), culmen from base 82-93.3 (88.6), 
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depth of bill at gonydeal angle 10.5-12 (11.3), tarsus 44.8-48 (45.5), 
middle toe with claw 68.8-78 (73.5). 

Females (14 specimens), wing 385-408 (397), tail 182-198 (189), 
culmen from base 89.6-103.2 (95.8), depth of bill at gonydeal angle 
12.3-14.1 (13.3), tarsus 46.8-49.8 (48.2), middle toe with claw 75.8- 
82.7 (79.3). 

As indicated above, in color this form most closely resembles 
brewsteri though the range of the decidedly different nesiotes inter- 
venes. Birds from Cocos Island are very slightly paler than those 
from the Pearl Islands and Gorgona but the difference is too slight to 
warrant their recognition as distinct. This form has been recorded 
from the Galapagos Islands but wrongly in my belief. There is one 
old skin in the National Museum marked “Galapagos Islands,” but I 
consider the locality erroneous. 

Sula leucogaster leucogaster (Boddaert) of tropical Atlantic areas, 
in which male and female are similar, is marked by having the head 
and neck darker than the back and wings. Sula leucogaster plotus of 
the central and western tropical Pacific Ocean, which also has the 
sexes alike, is darker, being the darkest of the races of this bird. 


Family LARIDAE 


STERNA FUSCATA CRISSALIS (Lawrence) 
Socorro Sooty TERN 


Haliplana fuliginosa var. crissalis LAWRENCE, Proc. Boston Soc. Nat. Hist., 
vol. 14, 1871 (1872), p. 285 (Socorro Island, Revillagigedo Islands). 


The four specimens, two males and two females, are all adult birds. 
They are identified to subspecies according to the treatment of 
Ridgway.’ 

Measurements (in millimeters).—Males, wing 280-282, tail 169- 
170, culmen from base 43.5-47.5, tarsus 21-22.5. 

Females, wing 274-275, tail 154-161, culmen from base 40.8-41.1, 
tarsus 21.3-23.3. 





ANOUS STOLIDUS RIDGWAYI Anthony 
Socorro Noppy TERN 
Anous stolidus ridgwayi ANTHONY, Auk, vol. 15, 1898, p. 36 (Socorro Island, 
Revillagigedo Islands). 


Five males and five females of this interesting bird were obtained, 
together with two young that are just attaining the plumage of the 
first fall. 


*U. S. Nat. Mus. Bull. 50, pt. 8, 1919, p. 519. 
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ANOUS MINUTUS DIAMESUS (Heller and Snodgrass) 


Cocos BLack Noppy TERN 


Micranous diamesus HELLER and Swnopcrass, Condor, vol. 3, 1901, p. 76 
(Cocos Island). 


Two females and one young bird half grown were obtained. I agree 
with Peters that there is no reason for placing this species in a genus 
apart from the larger noddy. 


GYGIS ALBA CANDIDA (Gmelin) 
Cocos Farry TERN 


Sterna candida GMELIN, Syst. Nat., vol. 1, pt. 2, 1789, p. 607 (Christmas Is- 
land, Pacific Ocean). 


Two males and one female, all adult, of this beautiful bird were 
collected. The uniformity of the fairy tern in size over wide areas 
of the Pacific Ocean is surprising. I can find no pertinent difference 
between these skins from Clipperton Island and those from farther 
west, and so follow Ridgway in calling them candida, though I have 
seen no specimens from Christmas Island, the type locality. It seems 
probable that too many forms of the fairy tern have been recognized, 
but this can be settled only with more material than is available here 
at present. 

While Hartert * has called the peculiar Gygis mucrorhyncha of the 
Marquesas Islands a geographic race of alba, in my opinion this is not 
correct. There are at present eight skins of microrhyncha in the 
National Museum, and I have seen additional material. All are 
uniform in differing from alba from many localities in the decidedly 
slender bill, a character in which specimens from other localities make 
no approach. Their relationship has been confused because of the 
uniform appearance of these terns throughout the world, and I 
consider microrhyncha a full species, distinct from the wide ranging 
alba. 


*Nov. Zool., vol. 34, 1927, p. 20. 
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SPMULATIVE BERFECT OF SHORT WAVE LENGTHS 
OF THE ULLRAVIOLET ON aoe ALG” 
STICHOCOCCUS BAGIEEARIS 


By FLORENCE E. MEIER 


Division of Radiation and Organisms, Smithsonian Institution 
(WitH Four PLateEs) 
INTRODUCTION 


During the course of previous quantitative research on the lethal 
effect of 21 wave lengths of the ultraviolet ranging from 2250 to 
3130 A. on a green alga, the author (Meier, 1932, 1934, 1936) ob- 
served from time to time accelerated increase in cell mass with slightly 
less exposure than the lethal exposure that destroyed the plant cells. 
The purpose of the present study is to show quantitatively the stimula- 
tive action of definite short wave lengths of the ultraviolet on growth 
as measured by cell multiplication in a unicellular green alga, a stimu- 
lative action that has persisted over a period of 2 years in the same 
cultures without additional treatment. 

By means of a quartz mercury-vapor are and a fused-quartz prism 
spectrograph, exposures were made to the wave lengths 2652 and 
2967 A. A spectrograph with crystal quartz prisms was used for the 
irradiations with the wave lengths 2352 and 2483 A. Absolute mea- 
surements of the intensity of the lines were made with a Clark vacuum 
thermocouple as described by Johnston and Weintraub (1939) and a 
double monochromator as in the method described by Brackett and 
McAlister (1932). 

The spectroscopic manipulations and physical measurements were 
made by Dr. E. D. McAlister, of the Division of Radiation and 
Organisms. 

I wish to express my appreciation to Dr. C. G. Abbot, Secretary 
of the Smithsonian Institution, for his counsel and assistance during 
the progress of this investigation. I am also grateful to Dr. E. 5. 
Johnston and other members of the Division of Radiation and Or- 
ganisms who have aided me in this research. 
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LITERATURE REVIEW 


Several investigators have studied the problem of stimulation of 
growth resulting from irradiation by short wave lengths of the ultra- 
violet which are generally considered lethal. The chief difficulty con- 
sists in the correct control of conditions for a quantitative determina- 
tion of the stimulating exposure for an organism. 

Gilles (1938), in his treatise of 286 pages on ‘‘Effets des Rayons 
Ultra-violets sur les Végétaux Supérieurs,” offers a very comprehen- 
sive survey of all the research that has been carried on up to 1938 on 
the destructive and favorable effects of the ultraviolet on both higher 
plants and microorganisms. This book, supplemented by the review 
made by Wynd and Reynolds (1935) of all the investigations that 
have been made on ultraviolet and respiratory phenomena, and by the 
review made by Sperti, Loofbourow, and Dwyer (1937) on the stimu- 
lative effect of ultraviolet on microorganisms, covers the literature 
thoroughly. 

In this paper I shall mention briefly the principal investigations 
that have been made on the stimulative effect of short wave lengths 
of the ultraviolet on microorganisms. 

Chavarria and Clark (1924) found that when certain pathogenic 
fungi very resistant to ultraviolet were given sublethal exposures of 
ultraviolet from a quartz mercury arc, they showed marked evidence 
of stimulation and grew larger than the controls. They observed that 
the stage of stimulation was brief and that lethal action followed rap- 
idly in nonpigmented cells, but where pigment formed during irradi- 
ation, the cell was protected and its whole reaction was slowed down 
so that the stage of stimulation was relatively prominent and the 
lethal action was delayed. Fungi that are less resistant to the ultra- 
violet when treated with sublethal exposures produced feeble colonies, 
which in a few days grew to the size of the controls and when auto- 
inoculation of the culture medium occurred, the daughter colonies 
were unusually vigorous. 

Porter and Bockstahler (1928) report stimulated spore formation 
in the fungus Colletotrichuim when exposed to radiations between 3630 
and 3650 A. produced by a Cooper-Hewitt mercury arc. 

Stevens (1928), in his researches on perithecia formation in fungi, 
observed that a ‘‘very common, though not universal, effect of irradi- 
ation is to increase sexual or asexual production if such occurs nor- 
mally and in some species to induce the sexual stage where it does not 
occur normally.’ The exposure was to full radiation from a Cooper- 
Hewitt mercury are. Half of the colony on the agar plate was shaded 
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with cardboard to serve as a control. By means of various screens 
the activating region was found to lie probably between 2760 and 
3130 A. 

Nadson and Philippov (1928) used a quartz mercury-vapor lamp to 
irradiate petri-dish cultures of pure cultures of yeasts and fungi 
covered with thick glass or metal with an opening in the center. The 
growth directly under the opening was completely destroyed by the 
ultraviolet. The part protected by the screen developed normally, but 
immediately surrounding the sterile zone was a bracelet of very intense 
growth where the culture partially protected by the screen had been 
touched by only the oblique rays. The yeasts in this region presented 
exaggerated budding; for example, the cell of the yeast Nadsonia 
fulvescens, which normally forms from one to three buds, in this 
case formed at its extremities whole groups or bouquets of buds. The 
mother cell, excited by the irradiation to such intense multiplication, 
swelled up, then, worn out, degenerated and perished. The group 
of young cells, dissociated by this fact, continued to live inde- 
pendently and to multiply by budding. In the zone of stimulation, 
Mucor guilliermondii asexually produced large quantities of sporangia, 
while on the other hand, sexual reproduction of Mucor genevensis 
was stimulated. 

Ramsey and Bailey (1930) found a definite stimulation of spore 
production in cultures of Macrosporium tomato and Fusarium cepae 
on exposure to ultraviolet radiation from a quartz mercury arc. The 
greatest amount of spore production occurred when filters with the 
lower limits of transmission between 2535 and 2800 A. were used. 
There was stimulation also with irradiations of 2535 A. and shorter 
wave lengths, but with these exposures there was also some lethal 
effect and inhibition of mycelial development. 

Hutchinson and Ashton (1930), using a quartz mercury-vapor 
lamp and a Hilger monochromatic illuminator, found that irradiation 
with the short wave length 2700 A. caused early retardation of growth 
followed by stimulation in the fungus Colletotrichum phomoides and 
in yeast. Early sporulation of Colletotrichum, resulted from irradia- 
tion with 3132, 3022, 2804, 2700, 2054, and 1854 A.; early acervuli 
development occurred after irradiation with 2535 A. 

Smith (1935) reports stimulated spore production in Fusarium 
eumartu Carp., regardless of the growth rate of the fungus after ir- 
radiation with a Cooper-Hewitt mercury arc lamp. 

De Fazi and de Fazi (1915) describe experiments showing that 
Saccharomyces opuntiae, when irradiated with ultraviolet, lived, re- 
produced, and fermented more actively. 
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Lindner (1922) also irradiated yeast with ultraviolet and found that 
it increased the speed of fermentation. He reports that 20 to 30 per- 
cent of the cells in the irradiated culture died, thus indicating that 
he had given the cells a sublethal dose of ultraviolet. 

Owen (1933) reports increased fermentative power of yeast caused 
by irradiation with a carbon arc, which is rich in wave lengths 2300 
to 3100A. 

Hollaender and Curtis (1935), on irradiating colonies of bacteria, 
Escherichia coli, with monochromatic ultraviolet radiation below 
3000 A. with exposures that killed some of the organisms but not all 
of them, found that growth of the surviving irradiated bacteria was 
retarded as compared with the control (nonirradiated) bacteria. But 
when the bacteria had completed their growth, the same number of 
organisms was present in both the irradiated and the control suspen- 
sions. The irradiated culture increased in number quite rapidly in 
the early part of the “lag phase,” then slowed down, thus suggesting 
stimulation. Tests showed that the increased growth of the irradiated 
bacteria was not produced by the decomposition products of the dead 
bacteria or by the excretion of any substance by the irradiated or- 
ganisms. The authors thought that stimulation was suggested, but 
the possibility of recovery of the irradiated bacteria should not be 
entirely excluded. 

Hollaender and Duggar (1937), in their treatment of yeast and bac- 
teria with sublethal doses of 2650 A., observed that the survivors of 
the irradiation proliferated when transferred to salt solutions in which 
the controls died. 

Loofbourow and others (1938, 1939), from their intensive studies 
on the stimulating effect of ultraviolet and other lethal agents in sub- 
lethal quantities on cells, believe that the effect is due to the production 
by injured living cells of “wound hormones,” released as a physiologic 
response to injury into the intercellular medium. Their work is on 
embryo chicks and mouse tissues, yeast, and bacteria. 


EXPERIMENTAL PROCEDURE 


In the experiments on the lethal effect of the ultraviolet rays, the 
alga Chlorella vulgaris was found to be well adapted to the research 
because of the uniformity and speed with which the single oval cells 
covered the surface of the agar plates used. For experimentation in- 
volving direct counting, this alga is highly unsatisfactory owing to the 
minute and irregular size of the cells, which vary from 3 to 5 p», and 
to the fact that the cell multiplies by oval or elliptical spores, which 
may range in number from two to four. 
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The unicellular green alga Stichococcus bacillaris Naegeli lends 
itself more satisfactorily to precise and accurate counting and measure- 
ment because of its size and method of multiplication. This alga has 
an elongated cell usually varying from 2 to 2.5 » in width and 4 
to 8 » in length. Multiplication takes place by transverse division of 
the protoplast that partially fills the cell and by the formation of cross 
walls, thus developing two cells in place of the one parent cell. The 
nucleus usually lies near the center of the cell. (See pl. 3.) Filaments 
of more than two cells were rarely observed in my cultures. The alga 
develops rapidly, forming a green deposit in Detmer 1/3 solution. 

The nutritive solution Detmer 1/3, which was used entirely for this 
series of experiments, was made up in the following proportions and 


then diluted 1/3: 


Galeiinaemitrates ys sccusces sees aero oboe once teniel there 1.0 gram 
DQowiceiinan Clon S6cgdesaccengcancvcasequssoqaue 0.25 os 
Maomesiamie SUpMAte: sci. saicie = 4 Aes o6 tore s/s eis ores 0.25 : 
ROtASSiUtiea CIO phOSpiatCeacermerinele stately acter se 0.25 - 
etn CrGlnlOricleururtek seve cloieieistav ater wie a a Aeteraera ee lievoin C1002 
Mrstilleclewatetacee ters cle sche coke ome latraicie qari ersisianeter sere 1.0 liter 


Before irradiation, algae were pipetted from actively growing cul- 
tures into small quartz tubes, which were designed and constructed by 
L. B. Clark, of the Division of Radiation and Organisms. One side 
of each tube was flattened so as to insure equal and complete irradia- 
tion of the contents. Each quartz tube was equipped with a slender 
wire stirrer inserted through the cork so that the culture could be 
stirred during irradiation. (See fig. 1.) After the stemlike base of 
the tube had been securely inserted in a rubber stopper so placed as 
to hold the tube directly in the monochromatic ray of ultraviolet, the 
tube was examined with a piece of uranium glass to insure that the 
contents were covered by the ultraviolet ray. The quartz tube trans- 
mitted approximately go percent of the ultraviolet ray. A separate 
quartz tube was used for each exposure. Thermocouple measurements 
of the intensity were made before and after each experiment. The 
ultraviolet lamp was turned on half an hour before each experiment 
so that the intensity of the radiation was constant when the thermo- 
couple measurements were made. The control cultures were treated 
exactly in the same manner as the irradiated cultures except that they 
were not exposed to the ultraviolet. 

After irradiation, the contents of each tube were pipetted into a 
300-cc. Erlenmeyer flask containing 200 cc. of Detmer 1/3, which 
had been sterilized in the autoclave at 20 pounds pressure for 15 
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minutes. After being thoroughly agitated, 100 cc. of the culture were 
poured into a second 300-cc. Erlenmeyer flask so that duplicate cul- 
tures were obtained for each exposure. The flasks were equipped with 
rubber stoppers, which were found to be more satisfactory than cotton 
plugs, previous experimentation having shown that the algae grew 
equally well in the rubber-stoppered flask and the flask with a cotton 





Fic. 1.—Quartz tube with flattened side and stirrer. Natural size. 


plug provided the cultures were inoculated a week or more after the 
flasks of culture medium had been autoclaved. 

The cells of three drops of the culture from each flask were counted 
directly after irradiation, and the mean of the three cell counts was 
taken as the initial cell count. The same pipette used for making the 
drops for the initial count was marked, cleaned with ether, and put 
away for use with the same culture 2 weeks later when the final count 


s 
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was made in similar fashion to the initial count. A separate pipette 
was assigned to each flask. In this manner equal drops were obtained 
from each culture. The quartz irradiation tube contained generally 
24 drops of inoculum, which were divided between the two Erlenmeyer 
flasks in the manner described above. The number of cells per drop 
of inoculum for each culture of the same experiment was fairly uni- 
form. The number of cells per drop of inoculum varied in the differ- 
ent experiments. ; 

To insure counting every cell in a drop, a special microscope slide 
was etched for the purpose by L. A. Fillmen, of the Division of Ra- 
diation and Organisms, in the following manner: The slide was coated 
with a thin layer of beeswax and then ruled into rectangles on the mill- 
ing machine with a sharp-pointed tool. The lines were 1 mm. apart 
lengthwise and 4 mm. apart crosswise. The lines were etched into 
the glass by placing a drop of hydrofluoric acid with a glass rod on 
the slide, and by spreading the drop with the glass rod into the grooves 
where it rested for a fraction of a minute. The acid was washed off 
with water, the beeswax was scraped off with a sharp flat tool, and 
the slide was cleaned. 

The special pipettes made by L. B. Clark were drawn to a point so 
that a drop from each could be covered completely by a No. 2 A, #-inch 
cover glass. By using a euscope attachment to the microscope and a 
mechanical stage, it was a simple matter to count every cell on the slide 
with either the high-power or the low-power objective and a No. 5 
ocular. 


THE GROWTH CHAMBER 


During the early experiments conducted in 1937 the algae in the 
Erlenmeyer flasks were grown during the 2 weeks following irradia- 
tion in natural conditions of day and night at variable room tempera- 

ture in the north window on the eleventh floor of the Smithsonian flag 
tower. These environmental conditions of growth proved to be en- 
tirely too variable, as shown by the results for the experiments with 
algae grown under uncontrolled conditions presented in tables 1-4. 

To arrange an ideal environment for the growth of the cultures after 
irradiation, an electric refrigerator was equipped with a thermostat, 
which regulated the temperature of the inner chamber at a constant 
temperature of 24° C. during the day and 22° C. at night. The new 
fluorescent daylight lamps were tested and proved to produce better 
growth conditions for the algae than varying daylight (see pl. 1). 
A set of four of these daylight lamps, each of which was 15 watts and 
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TABLE 2.—Growth of the alga Stichococcus bacillaris Naegeli 
im relation to wave length 2483 A 
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TABLE 3.—Growth of the alga Stichococcus bacillaris Naegeli 
m relation to wave length 2652 A 
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Taste 4.—Growth of the alga Stichococcus bacillaris Naegeli 
im relation to wave length 2067 A 
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18 inches in length, was installed. The lights gave an intensity of 
approximately 150 foot-candles on the bottom shelf and 300 foot- 
candles on the top shelf. 

The flasks of algae were placed on the lower shelf of this chamber 
and illuminated for 12 hours of each 24 hours (see pl. 2) during their 
growth period of two weeks. 


RESULTS 


All the results have been tabulated in tables 1-10 for convenient 
reference. 


THE STIMULATED GROWTH RATE 


The results of the cell counts are tabulated in tables 1-4 and 6-9. In 
each case, the growth rate represents the final count made 2 weeks after 
irradiation divided by the initial count made directly after irradiation. 
Each growth rate of an irradiated culture was then divided by the 
growth rate of the control to obtain the final growth ratio. 
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In plotting the curves (see fig. 2), all the points for the final growth 
ratios were considered. This includes the points found in the set of 
experiments run with old stimulated cultures as described later. The 
figures near the points in the curves represent the number of observa- 
tions entering into the mean. In plotting the curve for 2483 A., cer- 
tain observations that seemed very wild were rejected in the pre- 
ferred diagram, drawn with full lines. The dotted curves represent all 
the observations. 

As shown by studying the curves and the tables, the highest point 
of stimulation for all the wave lengths is at approximately two-thirds 
of the intensity of the lethal threshold. The greatest amount of stimu- 
lation was found by exposure to the wave length 2652 A., and the 
smallest amount to the wave length 2967 A. These results correspond 
to the radiotoxic spectral sensitivity of green algae found previously 
(Meier, 1936). Some stimulation was obtained by shorter exposures 
than the optimum to each of these four wave lengths. 

To check the lethal threshold points found in the liquid cultures, the 
following experiment was conducted. Green algal cells growing in 
Detmer 1/3 were pipetted into the quartz tubes. After irradiation, the 
cells were pipetted into petri dishes containing sterilized Detmer 1/3 
agar. They were then placed in the growth chamber and observations 
were made daily. The results as given below show that the lethal 
points correspond to those obtained in the liquid cultures. 
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Fic. 2.—Stimulative action on cell multiplication of the alga Stichococcus 


bacillaris Naegeli resulting from exposures to ultraviolet rays. Dark line, 
smooth curve; light line, actual values. 


The figures indicate the number of 
observations. 
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STIMULATED GROWTH FROM OLD STIMULATED CULTURES 


In 1939 it was observed that the old cultures that had been growing 
undisturbed since their growth count 2 weeks after irradiation in 
1937 presented a sufficient growth of algae for weighing. Several 
cultures were filtered, and when the dry weights were obtained the 
weights of the stimulated cultures proved to be much greater than 
those of the controls (see table 5). The 2652 A. cultures were filtered 
through previously weighed filter paper, and then the precipitate 
and the filter paper were dried in the electric oven before weighing. 
The 2967 A. cultures were filtered through filter papers that had been 
previously dried and each weighed with its small covered aluminum 
pan. The filter papers of algae were then placed each in its pan in the 


TABLE 5.—Dry Weight of Algae 2 Years after Inoculation 








| | | | | 
een | Date | Exposure | Tare Tee | Algae | & 
A. | 1937 | gm. | gm. | gm. 7c 
2652 | Mar. 30 | oO sec. (control) ..... | 7624. * 6475) pO23.n aan 
AOVSEC oe Aces Cres .570 | 621 "|" O50 zee 
| | 
2967 July 19 | o sec. (control) (A) .! 17.993 | 17.998 | 2005, \|)5 a 
200 sec. (A). .-2.... | 18.187 | 18.208 | O21) 1) ee 
0 sec. (control) (B) 7 17.674 | L7OSTial MOO, ie 
17.681 | .018 | 2.6 


ZOOISEC (BD) eee | 17.663 | 


oven and dried for a much longer period than the 2652 A. cultures. 
These data are of value in that they indicate continued increase in 
multiplication of the cells for a period of 2 years. 

To check this finding, a series of experiments was performed with 
cultures that had been irradiated and allowed to stand undisturbed 
over a period of time. Flasks of fresh culture solution were inoculated 
with inoculum from the stimulated cultures and from the control 
culture of each series. Cell counts were made as described above 
directly after inoculation, and 2 weeks after the new series of cultures 
had been placed in the growth chamber. In each case, as shown in 
tables 6-9, the growth rate was higher in the stimulated cultures than 
in the control, proving that the accelerated rate of multiplication of 
the algal cells, increased by irradiation with the ultraviolet, had per- 
sisted for a period of 2 years. 
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TABLE 6.—Persistent Stimulated Growth Obtained from Cultures Formerly 
Stimulated by Wave Length 2352 A 
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TasLe 7.—Persistent Stimulated Growth Obtained from Cultures Formerly 
Stimulated by Wave Length 2483 A 
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Taste 8.—Persistent Stimulated Growth Obtained from Cultures Formerly 
Stimulated by Wave Length 2652 A 
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TABLE 9.—Persistent Stimulated Growth Obtained from Cultures Formerly 
Stimulated by Wave Length 2067 A 
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APPEARANCE OF THE CELLS 


The lengths and the widths of 20 cells in each culture were measured 
with an ocular micrometer. From these data the means of the measure- 
ments of 100 cells from the most highly stimulated cultures and of 
100 cells from the corresponding controls were computed and the 
results tabulated in table 10. The measurements of the stimulated 
cultures under 2352 A. are from the cultures exposed to that wave 
length for 12 minutes, the set under 2483 A. from those with 30 
seconds’ exposure, the set under 2652 A. from those with 30 and 4o 
seconds’ exposure, and the set of measurements under 2967 A. from 
those with 133 and 200 seconds’ exposure. The ratios were computed 
by dividing the mean length of the measurements for 100 cells of 
the stimulated cultures by the mean length for 100 cells of the controls. 
The ratios for the width were obtained in a similar manner. 


TABLE 10.—Cell Measurements! 














~ | 
Mean length, w | Ratio > Mean width,» | Ratio 
$$$ — _ — Ie — | = 
A | 
| Stimulated | Control | % Stimulated | Control | % 

— | ' | 
Dep OPE ee Shee | 5.88. | <Osi7 LOZ) 1092 | IOI.4 
DA SOV te ene five Al 5.272 5.392 97-7 TQ ON | eZ Onn en OOEr 7 
DOSCR ete + clk 499 Fe Jel oO 756 1.168 | 1.096 106.6 
ZOO fms a ahdeet|| 5324 5-745 QI .2 eS 1.067 105.7 
| 95.0 | loge 


1 The mean is of 100 cells in each case from representative cultures. 





A study of the tables shows that the cells in the stimulated cultures 
are shorter and wider than those in the control cultures. This is to 
be expected as the rate of the multiplication of the stimulated cultures 
is so much higher than that of the control cultures that the stimulated 
cells probably do not have time to attain the length found under normal 
conditions before they divide to form new cells. 

Plates 3 and 4 show photomicrographs of cells from stimulated 
cultures and their corresponding controls made 2 years after inocula- 
tion and irradiation. The cells of the stimulated cultures are darker 
than those of the controls due to the greener appearance of the chloro- 
phyll. They are also shorter and wider than the cells of the controls. 
More dead discolored cells are present in the control cultures than in 
the stimulated cultures. 


CONCLUSIONS 


A’ stimulative action causing increased cell multiplication of the 
green alga Stichococcus, bacillaris Naeg. has been found to result 
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from sublethal exposures of the short wave lengths of the ultraviolet 
2352, 2483, 2652, and 2967 A. The optimum stimulation point occurs 
at approximately two-thirds of the lethal exposure. The stimulative 
action is not transitory but has persisted in the cultures over a period 
of 2 years. At the end of 2 years’ time, the cells in the stimulated 
cultures are in better condition than those in the controls. The algal 
cells from the stimulated cultures are slightly shorter and wider than 
those in the controls. 
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INTRODUCTION 


An interesting fauna occurs in the lowermost Middle Cambrian 
beds at several places in the northern Wasatch Mountains of Idaho 
and Utah. The fauna is characterized by great variety of species 
and genera, and the numerous individuals are excellently preserved, 
chiefly in crystalline limestone. Most of the material here described 
was collected by Walcott in 1898 and 1906. When I came to Wash- 
ington in 1914 as Dr. Walcott’s assistant, the first task assigned to 
me was the preparation of this material. 

Two classes of data are necessary for the advancement of 
stratigraphy: First, there must be a sufficient number of sections, 
measured at strategic points, to furnish knowledge of areal extent 
and of variations in lithology and in thickness of the sheets of sedi- 
ment that constitute the formations; second, it is necessary to know 
the faunas characterizing the formations. This paper describes 
another fauna but also discusses some stratigraphic problems. Un- 
fortunately the stratigraphic terminology of the Wasatch Mountains 
is not fully satisfactory; hence a hybrid faunal-stratigraphic title 
is used. 

Recently the related fauna in the superjacent Spence shale was 
described (Resser, 1939). Taken together these faunas should enable 
the building of the early Middle Cambrian portion of the column 
with greater precision, not only locally but throughout the Cor- 
dilleran region. 

Sections of Middle Cambrian rocks were measured in the northern 
Wasatch Mountains by Walcott in 1898 and 1906 and subsequently 
by other geologists. The only detailed mapping in the region is that 
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of the Randolph quadrangle, which includes the eastern slopes of 
the Bear River Range. That report is in press. Without detailed 
mapping of a considerable area, it is not possible to understand fully 
the stratigraphic relations, for the early Middle Cambrian sequence 
may be incomplete, and some of the formations seem to vary in 
thickness and lithology more than usual for Cambrian strata in the 
central Cordilleran region. 

In 1906 Walcott measured the Cambrian strata at four widely 
separated points but published the results as a single composite 
section (1908a, b). This obscured variations in lithology and thick- 
ness and made correlation uncertain. If, however, we go back to the 
original field notes, thereby getting away from the confusion intro- 
duced with the composite section, several facts became clear. Deiss 
(1938) remeasured the Blacksmith Fork section and discussed the 
stratigraphy and stratigraphic terminology in the light of the informa- 
tion yielded by that one section. 

With a better understanding of the Spence shale and immediately 
subjacent Ptarmigania faunas and by using information from related 
sections, as well as the results of mapping of the Randolph quad- 
rangle, it is now possible to advance a step or two toward a solution 
of the Middle Cambrian stratigraphy of the northern Wasatch region. 

At first it was planned to publish only the fossil descriptions, but 
as the work progressed it became increasingly desirable to determine 
stratigraphic relationships so that the faunal affinities could be better 
understood. Seemingly there is yet much to learn concerning the 
composition and position of Middle Cambrian faunas, for they 
appear to be less clear-cut than those in the Upper Cambrian forma- 
tions. This situation no doubt has contributed to the slow develop- 
ment of Middle Cambrian stratigraphy and to the uncertainty of 
present correlations. At present it seems that nearly all the common 
Middle Cambrian genera range throughout most of the division. 
And further, it seems that one or another genus may undergo great 
expansion at any time evidently without following a_ particular 
evolutionary trend. Moreover, it is apparent that conspicuous ele- 
ments of several faunas may be present or absent from place to place. 
In short, at the present stage of knowledge, Middle Cambrian faunas 
are not clear-cut entities, and their composition varies more than 
should be expected. This state of affairs can scarcely be attributed 
to inadequate collection alone, although there is no doubt that further 
field work will fill in many gaps. 
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LOCATION AND TOPOGRAPHY 


The location and general topographic expression of the Wasatch 
Mountains are well known. The conspicuous rampart of these 
mountains east of Great Salt Lake and the ranges in northeastern 
Utah and southeastern Idaho are familiar. In this paper we are 
concerned only with the northern portion of these mountains from 
the vicinity of Brigham to their termini in Idaho. 

The high, abrupt slope of the Wasatch Mountains facing Great 
Salt Lake Valley continues from Salt Lake City northward to Malad, 
which is about 15 miles north of the Idaho State line. Several gaps 
interrupt the range, the most conspicuous being formed by the Bear 
River as it breaks through from Cache Valley. North of Malad the 
less elevated Bannock Range continues the trend of the Wasatch 
Mountains but is composed of younger strata. 

Between Ogden and Brigham many ridges occupy an area more 
than 25 miles wide. In the eastern portion of this area the ridges 
are grouped together as the Bear River Range, which extends thence 
north through Utah and into Idaho as far as Soda Springs, some 
40 miles north of the Idaho boundary. 

Cache Valley lies between the two prongs, the Wasatch proper 
on the west and the Bear River Range on the east. Cache Valley has 
a nearly level floor about 4,500 feet above sea level. East of it the 
Bear River Range rises abruptly to altitudes of about 9,000 feet, 
and on the west the Wasatch also rises steeply to about the same 
height. Thus there is a V-shaped mountain mass that surrounds 
Cache Valley, and is in turn bounded on the west by Salt Lake 
Valley and on the east by Bear Lake and Valley. 


GENERAL GEOLOGY 


As shown by the geological map of Utah, crystalline pre-Cambrian 
rocks occupy the front of the Wasatch Mountains between Salt Lake 
City and Ogden. Eastward these rocks are succeeded immediately by 
Tertiary beds. From Ogden to Brigham the Willard overthrust 
puts Cambrian rocks on the face of the range in contact with a belt 
of pre-Cambrian rocks. This belt of crystalline rocks is overlain on 
the east by Cambrian and younger Paleozoic strata in normal sequence. 
Since the strike here is northwesterly at an angle to the mountain 
front the Cambrian rocks again come to the front of the range north 
of Brigham for a distance of several miles, their place then being 
taken by younger Paleozoic beds. North of the Bear River Gap 
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Cambrian strata again constitute the front, and most of the species 
described in this paper are from Two Mile Canyon, which crosses 
this outcrop belt. 

In the Bear River Range Middle and Upper Cambrian strata crop 
out over considerable areas, but their full extent is not known. The 
best-known section is in Blacksmith Fork Canyon, and another ex- 
cellent section lies north of Garden City on the eastern slope. Mill 
Creek west of Liberty, nearly 25 miles north of the Idaho boundary, 
also exposes a fine Cambrian section. Here the quartzite yields a 
fauna, and the recently described Spence shale fauna overlies the 
discontinuous limestone with the Ptarmigamia fauna. 

The generalized geological map of northeastern Utah, therefore, 
shows Cache Valley as a northward-pitching syncline, since it is 
surrounded by belts of successively older strata from the Car- 
boniferous to the Cambrian. More detailed mapping does not bear 
out this structure, but the map does show where Cambrian rocks are 
found. 


MATERIAL AVAILABLE 


Stratigraphic data——Measured sections extending through the 
Middle Cambrian sequence are available at four localities, and partial 
sections at two other places in the northern Wasatch Mountains. 

In 1898 and 1906 Walcott measured the section in Two Mile 
Canyon, which is near the northern end of the Wasatch proper. In 
the same season he examined the outcrops in Box Elder Canyon, 
the Mantua Basin, and north of Brigham but recorded measure- 
ments for only a portion of the sequence. 

During 1906 Walcott, assisted by L. D. Burling, followed up his 
earlier studies of 1898 in the Bear River Range and measured the 
sections in Blacksmith Fork east of the southern end of Cache Valley 
and along Mill Creek west of Liberty, on the eastern slope of the 
range. In 1909 Blackwelder measured the section on Mill Creek, a 
tributary entering Blacksmith Fork from the south. This is a few 
miles south of the place where Walcott worked, but both geologists 
agree closely in the subdivisions adopted, the lithologic descriptions, 
and the thicknesses recorded. Recently (1938) Deiss remeasured and 
republished the Blacksmith Fork section. Walcott recorded 4,190 
feet of Middle Cambrian beds above the quartzite, Blackwelder 4,125, 
and Deiss 3,885, which is remarkably close agreement. These ob- 
servers also recognize the same formational subdivisions with nearly 
the same respective thicknesses and lithology. 
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In 1912 G. B. Richardson (1913) of the United States Geological 
Survey, assisted by P. V. Roundy, began the mapping of the Randolph 
quadrangle, which lies east of Blacksmith Fork. He discovered an 
isolated Cambrian outcrop in Laketown Canyon, where only a portion 
of the sequence is exposed. He also found that the Middle Cambrian 
is exposed on the eastern slopes of the Bear River Range throughout 
the quadrangle with particularly good sections just north of Garden 
City, in the upper St. Charles Canyon, and on Mill Creek. The full 
report of the work in the Randolph quadrangle is now in press. 

Between 1923 and 1930 I saw all the mentioned sections except 
Mill Creek west .of Liberty. This locality was not located during 
those seasons because nearly every geographic name in the vicinity 
had been changed when the topographic sheet was published in 1911. 
Recently it has been possible to interpret these changes from old 
notes and labels, and the Spence shale locality has been relocated by 
Bishop Paul A. Spence, of Garden City, the son of the original 
discoverer. In the following discussion use is made of the original 
notes of Walcott, Blackwelder, and myself rather than of Walcott’s 
published composite section. Much of the information derived from 
the mapping of the Randolph also is available. 

Paleontologic material—As listed below, fossils are described 
from all the mentioned sections. All of Richardson’s collections are 
also in hand. While descriptions are confined to the Ptarmigania 
fauna and species supposedly belonging to it, the other fossils from 
the base of the Middle Cambrian to the top of the Ute formation were 
examined in order that the position of the Ptarmigama fauna could be 
understood. The fossils from the overlying strata are to be published 
shortly, many species having now been described in manuscript. 

Further details respecting number of species, quantity of speci- 
mens, and the matrix in which they are preserved will be found 
subsequently in the description of the sections. 


CAMBRIAN DEVELOPMENT 


The general distribution of the Cambrian in the northern Wasatch 
region has been described. A few facts regarding its development 
are now in order. In the following paragraphs the absence of Lower 
Cambrian beds and the formational subdivisions of the Middle Cam- 
brian are briefly discussed. Descriptions of the formations are not 
repeated because the definitions given by Walcott and Deiss suffice. 
However, considerable detail will be found in the discussion of the 
sections, where unpublished notes are also presented. 
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ABSENCE OF LOWER CAMBRIAN 


Lower Cambrian strata are apparently absent in the Wasatch 
Mountains northward of Salt Lake City. At the southern end of the 
range near Mount Nebo, in Cottonwood Canyon, south of Salt Lake 
City, and on Promontory Point in Great Salt Lake, about 20 miles 
west of the Wasatch Mountains, fossils show that the Lower Cambrian 
seas extended northeastward from southern California and Nevada 
at least as far as the mentioned points. Wherever the base of the 
Cambrian beds is exposed north of Salt Lake City, the Brigham 
quartzite is seen to rest directly on pre-Cambrian rocks. The situation 
obtains also in the Salt River and Teton Ranges of western Wyoming, 
in the northwestern part of Yellowstone Park, and throughout 
Montana. In my opinion the Lower Cambrian rocks found in the 
vicinity of Great Salt Lake possibly continue beneath younger strata 
and the lava fields, to connect with outcrops in northeastern Wash- 
ington and beyond that with beds of similar age in the Columbia 
Valley and Dogtooth Mountains of British Columbia. Since Lower 
Cambrian strata are clearly absent in the northern Wasatch region, 
and thence northward through western Wyoming and Montana, the 
question arises whether the lowest Cambrian beds exposed are the 
oldest Middle Cambrian, or whether some Middle Cambrian also is 
lacking. 


MIDDLE CAMBRIAN FORMATIONS 


The three independent measurements combined with the fact of 
excellent exposure of a complete sequence results in Blacksmith Fork 
becoming the basic section of the area. All other sections that have 
been investigated agree closely, with the exception to be subse- 
quently noted. Six formations evidently constitute the Middle Cam- 
brian sequence for the northern Wasatch region. A’ condensed table 
is presented for ready reference. 

In the Blacksmith Fork section the figures in parenthesis are 
Deiss’ measurements; those in brackets are Blackwelder’s. The 
Randolph quadrangle section is composite but is based primarily on 
the exposures immediately northeast of Garden City. The figures for 
Two Mile Canyon may not be wholly reliable, since accurate adjust- 
ment may not have been made for all the faults that interrupt the 
section. While the sequence exposed near the crest of the range north 
of Brigham is evidently the same as at Two Mile Canyon, Walcott’s 
notes are insufficient to warrant inclusion of a column in the table. 
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The Brigham quartzite is seldom fully exposed. For this reason 
it is omitted in the following comparisons. From the figures in the 
foregoing table it is apparent that the thinnest Middle Cambrian 
section is recorded on Mill Creek, west of Liberty. The next in order 
is that of Two Mile Canyon and the thickest section is found near 
Garden City. Thus it seems that the total thickness increases from 
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teeout ce Blacksmith Fork Randolph quadrangle 
Nounan Nounan Nounan Nounan 
1,090 feet 815 feet 1,040 feet 950 feet 
(900 feet) [1,010 feet] 
Bloomington | Bloomington Bloomington Bloomington 
555 feet 1, 160 feet 1,320 feet 1,250 feet | 
(1,275 feet) [1,190 feet] [Includes Hodges 
shale member at 
base 325-350 
| feet] 
| Blacksmith Blacksmith Blacksmith Blacksmith 
585 feet 360 feet 570 feet 700 feet 
(450 feet) [560 feet] 
Ute Ute Ute Ute 
800 feet 400 feet 730 feet 480-585 feet 
Spence shale | Spence shale (685 feet) [695 feet] [Spence shale in- 
| 155 feet 40 feet Spence shale cluded] 
| 30 feet 
| “Langston”’ “Langston”’ Langston Langston 
| 6 feet 30 feet 500 feet 375 feet 
| (575 feet )[670 feet] 
Brigham Brigham Brigham Brigham 
740 feet 500-1,000 feet 1,230 feet + 1,600+ feet 
(1,000 feet) [200+ feet] 








northwest to southeast. Moreover, if the aberrent thickness for the 
Bloomington formation in Two Mile Canyon is overlooked, remark- 
ably little variation appears among the upper three formations. 
Following description of the localities and sections the Langston 
question is discussed, which will focus attention on the variability 
of the lower three Middle Cambrian formations. 


LOCALITIES 


A concise list of localities is desirable to save frequent repetitions, 
particularly in the fossil and plate descriptions. Consequently the 
localities from which fossils are described are listed in numerical 
order. Subsequently the localities will appear again as the sections 





8 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


are described, but then in a geographic arrangement. List of species 
will also be given with the sections. 


Locality 5b = 54s. 

Locality 19: T. 12 S., R. 42 E., ridge north of North Fork of Mill Creek, 
Preston quadrangle, Idaho. (Coll. G. R. Mansfield, July 17, 18, 1912.) 

Locality 19x: North wall of Laketown Canyon, about 24 miles southwest of 
Laketown, Randolph quadrangle, Utah. (Coll. P. V. Roundy, September 12, 
1912.) 

Locality 20%: Near top of gulch, about 2 miles north of Brigham, Wasatch 
Mountains, Utah. (Coll. C. E. Resser, A. A. L. Matthews, E. R. Pohl, Sep- 
tember 12, 1926.) 

Locality 32p = 55e. 

Locality 54s: North side Two Mile Canyon, near its mouth, 2 miles south- 
east of Malad, Wasatch Mountains, Idaho. (Coll. F. B. Meek; C. D. Walcott, 
1898; C. D. Walcott and L. D. Burling, 1906.) 

Locality 55e: North of first small canyon south of Wasatch Canyon, 34 miles 
north of Brigham, Wasatch Mountains, Utah. (Coll. F. B. Meek; C. D. Walcott 
and L. D. Burling, 1906.) 


Locality 55p: About 7 miles above mouth.of Blacksmith Fork, Bear River 
Range, Utah. (Coll. C. D. Walcott and L. D. Burling, August 27, 1906.) 

Locality 55q: Same as preceding. 

Locality 59c: Mill Canyon, about 5 miles southwest of Liberty and 15 miles 
west of Montpelier, Bear River Range, Idaho. (Coll. C. D. Walcott, Sep- 
tember 1907.) 


Locality 50e: Same as preceding. 

Locality 50f: Same as preceding. 

Localities 322 and 322a: These numbers were assigned to small lots of fossils 
from the eastern side of the Bear River Range, secured prior to 1906. 


STRATIGRAPHY 


Publication of Walcott’s original field notes seems warranted even 
though they are nearly 35 years old. Comments on the rock entombing 
the fossils, and such miscellaneous data as seem pertinent are also 
recorded in geographic arrangement. The fossil lists are placed in the 
descriptions of the sections where they occur. Where a section is not 
given lists appear with the miscellaneous notes. Where more than the 
Ptarmigania fauna is represented in a collection, the list is confined 
to the species regarded as representative of that fauna. 

In nearly every case only slight modifications of Walcott’s assign- 
ment of beds to formations are necessary. It was his intention to 
publish stratigraphic papers embodying these notes, but the necessary 
paleontologic studies could not be completed in his lifetime. In 
anticipation of publication he added comments to transcriptions of 
the field notes, particularly with respect to formational names and 
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boundaries. Additional comments have been added wherever deemed 
desirable, hence the material is not to be regarded as quoted. However 
no departure from figures, determination of beds, or lithologic descrip- 
tion was allowed. 


WASATCH MOUNTAINS 


Two Mile Canyon.—Collections were made by Walcott in 1898 
and 1906, and others by Meek at an earlier date. A section was 
measured October 1898 and remeasured in 1906 with particular 
attention to the upper beds. Faults required the measurements to be 
made in different blocks, but care was evidently exercised in carrying 
the section across the fault lines. The measured beds total 4,655 feet, 
including some post-Cambrian strata. 

Walcott’s section of the Middle Cambrian beds follows, the forma- 


tional assignments being made in essentially the present manner by 
Walcott himself.’ 


Nounan formation: 


Dolomite. Massive-bedded gray, passing upward into thin- Feet 
bedded@bliuish=crayadolomitenscaseee ote cee some cere 405 
Dolomite. Dirty gray, massive-bedded dolomite, banded in places..... 445 

Limestone. Thin-bedded, bluish-gray impure limestone, with 
trilobites. The trilobites represent undescribed genera.............. 58 

Dolomite. Dirty gray, massive-bedded dolomite with a few 
Shialiyraticlesatadyz Ded Sis, sccusz 5 siendascilotay tavern aa rouetereroeretens aie tetel olevaret rc nnareney< 180 
PO tall ers iss chain cease eeeietcsteee eleie ve seein oom tates reo ro ate 1,088 


This and the overlying post-Cambrian beds were measured on 
the south side of the canyon. 


Bloomington formation: 
Limestone and shale. Alternating beds of thin-bedded limestone 


and sandy and argillaceous shale. Fossils are fairly common Feet 
Ditware sstill tindescribed iy se. cctycecis stovesn «  aysis/oe'e.0velelate w vleim's.e slviniehe eis 555 
ME Ot all MamersrancatAslctactaee ae cicre: e miaies atsucheete: ecsrans eoatcrchereretole 555 


*A few days before this paper was submitted for publication a letter from 
Prof. Deiss stated that he had examined the Two Mile Canyon section, May 
1939. He furnished a copy of the lower part of his section, apparently as it was 
measured in a fault block. According to the figures given, 650 feet of Brigham 
quartzite remain above a thrust fault. Overlying the quartzite is 60 feet of im- 
pure limestone containing beds of pure crystalline limestone with the Ptarmigama 
fauna. A slight break separates the impure limestone stratum from 205 feet of 
Spence shale and possibly beds of the Ute formation. 
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Blacksnuth dolomite: Feet 
Dolomite. Light-gray dolomite in massive layers, alternating 
with bluish-gray layers. The latter contain many small dark 


SCONCKETIOMS’ 79 Lack esveraree ao wi ev avasesteic aie oleae eee ah Sten eee CE aE 445 
Dolomite: Drab and lead=colored dolomite... .5.6+sssacee ae ene ieee 140 
Total iw aienk Sia Seo ee oe en see ee eee 585 


Ute formation: 
Limestone. Bluish-gray limestone in thin and thick layers. 

About 180 feet above the base, fossils are abundant................ 350 
Shales Drabvandyereen arenaccous shales.-nie seen eee eee 45 
Dolomite. Thick-bedded, gray limestone alternating with thin beds.... 57 
Limestone and shale. Alternating beds of limestone and shale. Fossils.. 113 


Shales (Greenish. esandyeshale:2: *o-aceeeh eee eee ere 12 
Dolomite and limestone. Thick-bedded bluish-gray dolomite 

with bands of thinner-bedded Wimestonesncee ee sce dene eeeee eee 105 
Shale and sandstone. Reddish-brown, sandy shale with a few 

layers of hard sandstone and a little green sandy shale near the top.. 30 


Limestone. Thin-bedded (3 to 8 inches), compact, hard lime- 
stone, with considerable dolomitic or arenaceous matter in 
Some Olthe layerss ssmialleiragments or fossils see ecem ecient 85 


Spence shale member: 
Limestone and shale. Blue-black calcareous shale and thin- 
bedded dark gray limestone. Sponge spicules are common (loc. 5g).. 125 
Dark argillaceous, shalewonancec cco ee OR eee eee 30 


Measurements were made in the hills north of the canyon where 
faulting seems to be less serious. However, both the Ute and the 
beds assigned to the Spence shale member are much thicker than in 
the other sections, consequently it is possible that some faulting was 
overlooked. The typical Spence shale fauna, characterized by Orycto- 
cephalus is present. 


“Langston” limestone: 


Limestone. Dark gray, crystalline, very fossiliferous limestone Feet 
(loes 2548) cari octatecciave a setetegere tice nid so eee see ree ee ee eee 6 
Motall? ss mrcrciey.tosies costtrccve 2c clue terete slo cierto cere eaten 6 


The fossils look like black velvet when first freed from the matrix. 
Thousands of specimens were secured, and many more could be 
uncovered in the larger pieces because fossils make up a large part 


NO. 24 PTARMIGANIA STRATA—RESSER If 


of the rock. As shown by the illustrations of Taxioura typicalis, the 
fossils often are so crowded that it is difficult to free good specimens. 


Acrothele artemis Walcott 
Acrothele parilis, n. sp. 
Acrothyra minor Walcott 
Acrotreta eucharis, n. sp. 
Acrotreta sulcata Walcott 
Agnostus lautus, n. sp. 
Alokistocare euchare, n. sp. 
Alokistocarella occidens, n. sp. 
Bathyuriscus politus, n. sp. 
Dolichometopsis alia, n. sp. 
Dolichometopsis comis, n. sp. 


Dolichometopsis communis, n. sp. 


Dolichometopsis gravis, n. sp. 
Dolichometopsis lepida, n. sp. 
Dolichometopsis media, n. sp. 
Dolichometopsis potens, n. sp. 
Dolichometopsis poulsent, n. sp. 


Dolichometopsis propinqua, n. sp. 


Dolichometopsis stella, n. sp. 
Ehmaniella maladensis, n. sp. 
Helcionella aequa, n. sp. 
Helcionella arguta, n. sp. 
Hyolithes prolixus, n. sp. 
Iphidella maladensis Walcott 
Kochaspis maladensis, n. sp. 
Kochina venusta, n. sp. 
Kochina vestita, n. sp. 
Kochina wasatchensis, n. sp. 
Kootenia acicularis, n. sp. 
Kootenia brevispina, n. sp. 
Kootema convoluta, n. sp. 
Kootenia granulosa, n. sp. 


Brigham quartzite: 


Kootenia maladensis, n. sp. 
Kootenia nitida, n. sp. 
Lingulella eucharis, n. sp. 
Micromitra haydeni Walcott 
Olenoides maladensis, n. sp. 
Oryctocephalites typicalis, n. sp. 
Oryctocephalus maladensis, n. sp. 
Pachyaspis typicalis, n. sp. 
Pagetia clytia Walcott 

Pagetia maladensis, n. sp. 
Paterina hirta, n. sp. 

Poulsenia granosa, n. sp. 
Poulsenia occidens, n. sp. 
Prozacanthoides aequus, un. sp. 
Proszacanthoides alatus, n. sp. 
Prosacanthoides decorosus, n. sp. 
Prozacanthoides exilis, n. sp. 
Progzacanthoides optatus, n. sp. 
Ptarmigania agrestis, n. sp. 
Ptarmigamia altilis, n. sp. 
Ptarmigania aurita, n. sp. 
Ptarmigania dignata, n. sp. 
Ptarmigania exigua, n. sp. 
Ptarmigania germana, n. sp. 
Ptarmigania natalis, n. sp. 
Ptarmigania ornata, n. sp. 
Ptarmigania sobrina, n. sp. 
Ptarmigania sp. undet. 
Taxioura magna, ui. sp. 
Taxioura typicalis, n. sp. 
Tonkinella idahoensis, n. sp. 
Wimanella maladensis, n. sp. 


Shale. Greenish, arenaceous shale, with layers of quartzite and Feet 

Gate DLOWeESATICStOneremer en aremclictecieioiancimicrict isto cirectelalertekers 45 
Quartzite. Reddish-brown, quartzitic sandstone, like underyling bed... 205 
Quartzite. Compact, hard, light-gray quartzitic sandstone. 

Bands of greenish, sandy shale interbedded in the upper 80 

feck) Shialy, surfaces, coveted ‘with trails. «1... ..< cen ss causleh athe 210 


Shale. Steel gray to buff, arenaceous shales, with layers of 
GtantziteratintetvalSvo tS utOncOMmee beri lei lekelcieite siete) iatelon rater = II5 
Quartzitic sandstone. Massive-bedded (layers 2 to 8 feet 


thick) brown quartzitic sandstone 


Base unexposed. 
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Vicinity of Brigham City—The collections of the goth Parallel 
Survey evidently were made from the shaly beds several miles north 
of Brigham City. In 1906 Walcott worked over the region and 
collected freely and in 1926 | secured large collections here. Cambrian 
beds crop out not only on the western ridge of the Wasatch, but in 
Box Elder Canyon, east of Brigham and particularly on the rims of 
the Mantua Basin at the head of the canyon. Walcott recorded the 
sequence but gave the thickness of only one bed. 


Blacksmith dolomite: Feet 
Massive; gray wdolomitest:cn case es co tie ioc eel MACE eee 


Ute and other formations: 
Limestone or dolomite. Bluish-gray, massive-bedded limestone....... 
Limestone and shale. Gray, calcareous and siliceous shale, with 
thin-bedded bluish-black limestone (loc. 55€)..............0.see00e 193 
Limestone. Bluish gray. This bed cannot be more than a few 
feet thick, according to information on the field labels.............. 


The collections from localities 55e and 20x contain species from 
all the beds between the Brigham and Blacksmith formations. Below 
are listed only the species supposedly belonging to the Ptarnugamia 
fauna. The selection was based on generic association and is not 
regarded as positive enough for correlation purposes. Locality 55¢e 
is about 150 feet above the quartzite and may yield only Spence shale 
species, but two species have been selected as older: Lingulella 
eucharis Resser and Kochina brighamensis n. sp. From locality 20x a 
larger number of species are referred to the Ptarmigama fauna, all 
of which are new. 


Alokistocarella brighamensis, n. sp. Kootenia mendosa, n. sp. 
Clavaspidella wasatchensis, n. sp. Poliella wasatchensts, n. sp. 
Girvanella sp. Taxioura typicalis, n. sp. 
Kochina? elongata, n. sp. Wimanella maladensis, n. sp. 


Kootenia germana, n. sp. 


Brigham quartzite: 
Gray quartzitic sandstone, weathering brown, with partings of Feet 
green arenaceous shal@: icy 2. shciswl eile apeccvetelevorete orotate ee 
Base unexposed. 


BEAR RIVER RANGE 


Blacksmith Fork.—It is not necessary to reprint the section in 
Blacksmith Fork Canyon. Notes relative to two lots of fossils from 
the Langston limestone is all that is needed. 

Locality 55p, Langston formation. This material was collected by 
Walcott and Burling in 1906, between 70 and 100 feet below the top 
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of the formation. The species are Glossopleura prona, G. arrecta, and 
Alokistocare globatum. 

Locality 55q. This collection was secured near the top of the 
Langston formation. The species are: Glossopleura prona, G. arrecta, 
Kootenia pectenoides and Progacanthoides sp., and Clavaspidella sp. 

It is possible, as Deiss contends, that these fossils do not represent 
the Ptarmigania fauna, but since they occur directly beneath the 
shale which contains Spence forms, they are described. It will be 
observed that these species do not require exclusion of the Langston 
fauna from the Ptarmigania zone. This question is discussed more 
fully subsequently. 

Mill Creek, west of Liberty—Mill Creek was known as Liberty 
Creek in 1906. Walcott’s references to Spence Gulch mentions 
“Danish Flat,’ which now is Copenhagen Basin. Spence Gulch is not 
shown on the Preston or Montpelier quadrangle maps, but evidently 
is the stream coming into Mill Creek from the west, possibly in 
sections 10, 2, 3, T. 13 S., R. 42 E., of the Preston quadrangle. 

The Middle Cambrian portion of Walcott’s section on Mill Creek is 
as follows: 


Nounan formation: 


Dolomite. Massive-bedded, passing into bluish-gray, rough, Feet 
WMEAtHe LING COLONIE Moe ce © acts he see oe © sere ars sels hia eis erwin) cue: wits 450 
WrariziteuiGray Cuartzitic, LOCK asta a ce cnt) terete eins Settles evenarsiaveelaaisvolere 2 
Dolomite and limestone. Dirty-gray calcareous beds, with fossils..... 272 
Si Dey i PR aI SA ts MEN EEE one ner ay alrtTs 814 


Bloonungton formation: 
Limestone. Bluish-gray limestone, in alternating massive and 


ANU TAMLYE CL SEM Teen ciee ia seein ian so ayaroare © ererlers iatioyaite love lnyelleravey orale tener 385 
Shale and limestone. Greenish argillaceous shale and thin- 
bedded limestone, with oboloid brachiopods.............eeeeeeeeees 575 
Limestone. Thin- and thick-bedded, bluish-gray limestone, with 
fossils’ at top and near ‘the middle.:......8. 700007222 Js ee ee a 202 
SIRE Rt eR aie es EPS oho a le vahohekaterehe teccr Stookey tae 1,162 


Blacksmith dolomite: 
REtayidOlomlite S20) ce ree te sack motets creas ts <lnelelelainiendiales we mnie item 23 
Thin-bedded, bluish-gray dolomite...........-.....+-05 rurk Jes aRie ise 335 
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Ute formation: Feet 
ShalesGreenishwarolliaceousmshalessr sete eee eee 61 
Limestone. “Chin-bedded: stay, limestone... =...01 aes asco one 38 
Shalem Micaceousssanenaccousmsialessaeee eee enn eee eee eene 75 
Limestone, “Phin-beddedigray limestotion wae sac taee cs aack ee eee 102 
Shales Argillaceous sshalea-egs ance oe enn een ee 35 
Limestone. Thin-bedded limestone with fossils....................--. 85 

Metal ia ces ioia iad aternevae ee Gee cree eto GEO eee 306 


Spence shale member: 
Shale. Dark, bluish-black and greenish argillaceous shale. The 
band of shale rests on the quartzitic sandstone and is nearly 
AO TECE MICK 2 5 sa, 2,505 ayes ges one MTT RT DTS Sfeteie eke or Pare eT ree Ee 40 


This was designated the “Zacanthoides shale” in the field. The 
recently described Spence shale fauna, locality 55c, came from this 
locality. 


Langston formation: 

Limestone. “To the north 3 miles a bed of limestone 30 feet 
thick occurs between the quartzitic sandstones and the shale 
and at Blacksmith Fork Canyon there is 390 feet of siliceous 
limestone and 107 feet of bluish-gray limestone between the 
shale and the quartzitic sandstone. These conditions indicate 
that the Middle Cambrian was deposited upon an uneven 


surface.” 
Fossils were secured near the top (loc. 59f) and near the Feet 
base: ((locs 5O@)) wasicuw as. dataains ne tee oe aie eek one eee 30 


PG tal ee doitue eae te alc ite cutee ane pai arene cs, sha aa a 30 


The field label with the collection from locality 59f reads “top of 
limestone below Spence shale.” There is a slight variation in the rock 
of the collection. For instance, a somewhat impure crystalline lime- 
stone with yellowish specks contains only Helcionella burlingi, which 
species is lacking in typical crystalline limestone. 


Acrotreta eucharis, n. sp. Kochina? libertyensis, n. sp. 
Alokistocare euzona, n. sp. Kootenia convoluta, n. sp. 
Dolichometopsis sp. Lingulella eucharis Resser 
Inglefieldia idahoensis, n. sp. Prozacanthoides libertyensis, n. sp. 


Kochaspis idahoensis, n. sp. 


The field label with the collection from locality 59e reads, ‘base 
of limestone just above the quartzite and underlying the Spence shale.” 
This lot contains a typical Ptarmigania fauna. 

Dolichometopsis gregalis, n. sp. 
Dolichometopsis poulseni, n. sp. 


Dolichometopsis sp. 
Kochaspis dispar, n. sp. 


ey 
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_ Locality 19s evidently represents the same faunal zone, and was 
collected nearby. 


Acrotreta sulcata Walcott 
Dolichometopsis mansfieldi, n. sp. 
Kochiella mansfieldi, n. sp. 
Lingulella sp. 

Poulsenia bearensis, n. sp. 


Prior to 1906 several small lots of fossils were received from 
these beds. They were given the numbers 322 and 322a, and contain: 
Acrotreta sulcata Walcott and A. eucharis, n. sp. 


Brigham quartzite: ; 

Thickness of exposure is not given. Fossils were found 75 feet 
below the top (loc. 59c). The collection contains fossils in 
quartzitic sandstone and in crystalline limestone. The field 
label reads, ““75 feet below the top of the quartzite and 125 feet 
below the Spence shale.” This shows a discrepancy of nearly 
20 feet with the measurements given above. 


In quartzitic sandstone : 


Hyolithes sp. 
Kochiella arenosa, n. sp. 
Ptychoparella sp. 


In limestone (most of the specimens are too fragmentary to identify 
specifically) : 


Alokistocare sp. Kootenta libertyensis, n. sp. 
Clavaspidella excavata, n. sp. Kootenia venusta, n. sp. 
Ehmaniella maladensis, n. sp. Micronutra hayden Walcott 
Eocrinus? sp. Nisusia sp. 

Glossopleura (2 species) Zacanthoides sp. 


Iphidella sp. 


Randolph quadrangle—The Mill Creek section is in both the 
Preston and Randolph quadrangles. It is not necessary to reprint 
Richardson’s section, which is based chiefly on the outcrops near 
Garden City (1913). In fact he does not give a detailed section, for 
he says: “The Cambrian section in the Randolph quadrangle is essen- 
tially that described by Walcott as occurring in Blacksmith Fork, 
Utah, and in the vicinity of Liberty, Idaho, and need not be described 
here.” He then goes on to say that the Cambrian is well exposed 
west of Garden City where he measured the section. 





Richardson differentiated the Hodges shale member at the base of 
the Bloomington. It is described as a persistent zone of drab clay 
shale 325 to 350 feet thick. 


a 
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One species, Kootenia bearensis, is described from the isolated 
outcrop of the Langston formation in Laketown Canyon (loc. 19x). 


THE LANGSTON FORMATION 


The Ptarmigania fauna was regarded as fully representative of the 
Langston formation until Deiss (1938) questioned the validity of 
Walcott’s determination of the Spence shale in Blacksmith Fork and 
the correlation of the thin fossiliferous limestone in the Two Mile 
Canyon and Liberty sections, immediately under the Spence shale, 
with the Langston at its type locality. If it were not for the great 
‘ difference in thickness no question concerning the identity of the 
Ptarnigania beds with the Langston formation would have been 
raised. As the matter now stands two alternative interpretations are 
possible. First, we may assume as Walcott did, that the Langston 
formation is discontinuous but that it appears in the known sections, 
at some places attaining a thickness of 670 feet. The second alternative 
assumes that the Langston is absent in the northern part of the region 
and that the thin fossiliferous limestones occupying its stratigraphic 
position are lenses or bioherms in the base of the Ute, closely 
associated in origin with the Spence shale, or in the top of the 
Brigham. Determination of which is the more satisfactory interpre- 
tation requires careful field work, with tracing of the formation at 
least far enough to find out whether thickening of the fossiliferous 
limestone takes place southward. Pending field examination, and in 
preparation for it, we can examine the faunal evidence bearing on the 
problem. . 

All observers agree that the basal quartzite is the same formation 
throughout the region. However, if the Langston is absent in the 
northern part of the area, then the quartzite there may be somewhat 
younger, at least in part. All observers also agree that the Ute forma- 
tion extends over the entire region, and everywhere has the same 
lithologic expression, and is characterized by the same faunas. There- 
fore, as previously stated, the question is whether the 6 to 30 feet of 
fossiliferous limestone in Two Mile Canyon and on Mill Creek near 
Liberty are thin equivalents of the Langston formation, which is 
from 500 to 650 feet thick in Blacksmith Fork and 375 feet near 
Garden City. Locally it does not make any difference how this 
question is determined but its proper understanding does have wide 
significance for precise correlation beyond the immediate region. 


Lithology is without significance because the crystalline limestones _ 


containing the Ptarmigania fauna are of types common in typical 


as 
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Langston. Nothing is recorded concerning the sedimentation of the 
beds, consequently unconformities, if present, have been overlooked. 
But with the lithologic and stratigraphic evidence in hand, it is pos- 
sible to say that the Ptarmigania beds can be Langston equivalents. 
So if the Ptarmigania beds are not the Langston formation it must be 
proven solely by faunal evidence. 

The composition and age of the Ptarmigamia fauna are discussed 
later. Comparing that fauna with two collections in unquestioned 
Langston limestone, we see that they are not identical but closely 
related. Certainly they are not mutually exclusive. Without doubt 
the Ptarmigania fauna is very closely allied to that in the top of the 
Brigham formation on Mill Creek. Also it is closely allied with 
the Spence shale fauna. In other words it is not possible on faunal 
grounds to postulate a large gap in the Liberty section between the 
quartzite and the Spence shale. 

The nearest relationships of the Ptarmigania to described faunas 
is to the Albertella fauna. Ii Albertella and Vanuxemella are removed 
from the typical Albertella fauna, the remaining genera are nearly all 
the same. Kootenia expands greatly and the Lower Cambrian ele- 
ments such as Poulsenia and Prozacanthoides remain, so that the 
Ptarmigania fauna appears to belong in the early Middle Cambrian, 
possibly exactly equivalent to the Comet shale of Nevada. 

To sum up, we can only say that the evidence in hand supports both 
interpretations, namely, that the Ptarmigama beds represent the 
Langston formation, or that the Langston is absent and these beds are 
bioherms in the basal Ute or top of the Brigham formation.’ 


COMPOSITION OF THE PTARMIGANIA FAUNA 


Most of the species described in this paper come from the 6-foot 
limestone bed in Two Mile Canyon (loc. 54s), and they constitute 
the Ptarmigania fauna. It then remains to determine which other lots 
of fossils are exactly the same. Of the fossils herein described only 
those from the 30-foot limestone in the Mill Creek section (locs. 59e, 
59f, 19s) are regarded as precise equivalents. 

An effort has been made to determine faunules within the 
Ptarmigama fauna. Two are recognizable, but there is not much 
difference between them. All species are not indiscriminately mixed 
in any one piece of rock, but when association of species in ‘many 


“In his recent letter -Prof. Deiss reports finding Albertella in Two Mile 
Canyon in May 1939. This substantiates the above argument. 
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pieces is tabulated the distinctions are found to have a tendency to 
disappear. 

Most of the species now recognized from locality 54s are trilobites, 
and they are represented by hundreds of specimens. Besides abun- 
dance of individuals we also find that many genera are characterized 
by prolific species. 

The brachiopods are represented by 9 species, falling within the 
common Middle Cambrian genera, Micromitra, Paterina, Iphidella, 
Lingulella, Acrothele, Acrotreta, and Wimanella. Acrothyra minor 
is the only uncommon form. Gastropods are represented by Helcionella 
and Hyolithes. 

The agnostids are represented by one species, which is closely 
allied to other Cordilleran species common in the Middle Cambrian. 

The smaller trilobites are represented by two species of Pagetia and 
a pygidium referred to Tonkinella. Oryctocephalus is sparingly rep- 
resented, but the new related genus Oryctocephalites is more abundant. 
On the whole the small forms constitute a minor element of the fauna, 
however abundant the individuals may be. Next in size are the species 
of Prozacanthoides, which genus underwent a great expansion. The 
form that first attracts attention is the large new trilobite Tarioura, 
which is represented by two species. 

The most characteristic forms are the 9 species of Ptarmigania 
and the 11 species of the closely related Dolichometopsis. There is 
only one pygidium of Bathyuriscus. The wide-brimmed forms, Alo- 
kistocarella, Kochaspis, and Kochina, are well represented. Kootenia 
is represented by 6 species. Specimens are numerous, particularly of 
K. convoluta,. which occurs enrolled in several instances. Only two 
pygidia of Olenoides were found. Poulsenia also is well represented 
by excellent material including an entire individual. Finally the median 
trilobite form is represented by Pachyaspis and Ehmaniella. Although 
individuals are fairly abundant, the trilobites of this sort constitute a - 
less conspicuous element of the fauna than usual for Middle Cam- 
brian beds. 

A clearer idea of the composition of the Ptarmigania fauna will 
result from a survey of the accompanying plates than from a lengthy 
discussion. When this is done, however, care must be exercised to 
view only the species that are positively assigned to the Ptarmigania 
fauna. , 

An interesting characteristic of the Ptarmigania fauna in the 
northern Wasatch region is the great development of granulosity. 
Nearly all species are granulose, and all have stronger ornamentation 


7 ii 
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of whatever kind than the same forms from adjacent areas. For 
instance, the only granulose Kootenia species known—and several 
hundred new species have been studiéd and described in manuscript— 
come from this area. Other trilobites behave in the same fashion. 
Even the smooth forms such as Progacanthoides develop strong 
anastomosing lines on the elevated portions of the test. 

Species from other localities have been described. Some are 
definitely from the Brigham and Langston formations. Others pre- 
sumably represent the Ptarmigania fauna. Each will be readily 
determinable if localities are noted. 


AGE OF THE PTARMIGANIA FAUNA 


The Ptarmigania fauna is evidently of early Middle Cambrian age. 
Strong Lower Cambrian elements are held over, but a larger pro- 
portion of equally important Middle Cambrian elements are intro- 
duced, and new introductions must always outweigh holdovers. The 
constitution of the Ptarmigania fauna emphasizes anew the close 
relationship between the Lower and Middle Cambrian. As our 
knowledge increases it becomes ever clearer that there is no diastrophic 
break between Lower and Middle Cambrian, and the faunas likewise 
show no great change. 

The close relationship to the Albertella fauna has been mentioned. 
On the one hand such genera as Poulsenia, Dolichometopsis, Proza- 
canthoides, Kootenia, Helcionelia, and Wimanella relate the Ptarmi- 
gama fauna to the upper Mount Whyte and Lower Cambrian faunas 
in the Appalachian region. On the other hand Kochaspis, Kootenia, 
and Clavaspidella are more characteristic of early Middle Cambrian, 
while such genera as Pagetia, Oryctocephalus, Bathyuriscus, and 
Olenoides are more characteristic of later Middle Cambrian. The 
unique genera are, of course, left out of consideration, and the 
brachiopods are of no assistance. 

Glossopleura is not in the Ptarmigania fauna at Two Mile Canyon. 
It is found throughout the lower half of the Middle Cambrian quite 
commonly and consequently can be expected in any of the faunas. 

Summing up present evidence, it seems that the Ptarmigania fauna 
occurs in early Middle Cambrian beds, which are to be correlated 
with some part of the Ptarmigan, Ophir, and Howell formations in 
the west, and with the Rutledge of the Appalachians, and particularly 
with the Cape Wood formation of northwest Greenland. At the 
present stage of our studies the Ptarmigania fauna is most like that 
of the Comet shale in the Pioche district, Nevada. 
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DESCRIPTION OF GENERA AND SPECIES 


BRACHIOPODA 
PATERINIDAE Schuchert 
MICROMITRA Meek, 1873 
MICROMITRA HAYDENI Walcott 
Plate 1, figs. 1-3 


Micromitra haydeni Watcott, Smithsonian Misc. Coll., vol. 53, No. 3, p. 55, 
pl. 7, figs. 3, 3a, 19008; U. S. Geol. Surv. Mon. 51, p. 337, text fig. 20A-D, 
IQI2. 

Walcott’s types are refigured by photographs. 
Localities 54s, 59c. 
Holotype and paratypes—U.S.N.M. No. 51437. 


PATERINA BEECHER, 1891 
PATERINA HIRTA, n. sp. 
Plate 1, figs. 4-7 
Micromitra (Iphidella) pannula maladensis Waucotr (part), U. S. Geol. Surv. 
Mon. 51, p. 364, pl. 4, fig. 2a, 1912. 

Part of the material assigned to J. pannula maladensis is more 
logically regarded as a species of Paterina. Many specimens have 
been found in addition to the one illustrated by Walcott. 

P. hirta is characterized by strong growth lines. The ventral 
valve has a rather straight, long hinge line, and rises to the apex, 
which is half as high as the shell is wide. The dorsal valve is nearly 
semicircular in shape and much less convex than the high ventral 
valve. If the illustrations of P. hirta are compared with those of 
I. maladensis adjacent to them, the sharp distinction of surface 
features is easily seen. On the whole P. hirta is a rather wide form. 

Locality 54s. 

Cotypes—U.S.N.M. Nos. 98567, 51465, 51450. 


IPHIDELLA Walcott, 1905 
IPHIDELLA MALADENSIS Walcott 
Plate 1, figs. 8-10 


Iphidella pannula maladensis Watcott, Proc. U. S. Nat. Mus., vol. 28, 
p. 306, 1905. 
Micromitra (Iphidella) pannula maladensis Watcorr (part), U. S. Geol. Surv. 
Mon. 51, p. 364, pl. 4, figs..2, 2d, 2e, 2g, 1912. 
This species is restricted to specimens conspecific with the first 
one illustrated by Walcott. He also identified other specimens as 
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I. pannula. As Walcott pointed out, this species is characterized by 
the strong development of the surface pattern. 

Locality 54s. 

Lectotype and paratypes —U.S.N.M. No. 51468 (except b). 


ACROTRETIDAE Schuchert 
ACROTHELE Linnarsson, 1876 
ACROTHELE ARTEMIS Walcott 
‘ Plate 1, figs. 19-22 
Acrothele artemis Watcott, Smithsonian Misc. Coll., vol. 53, No. 3, p. 82, pl. 8, 
fig. 10, 1908; U. S. Geol. Surv. Mon. 51, p. 634, text fig. 54, 1912. 
Walcott figured only one shell, a dorsal valve which he called a 
ventral valve. A ventral valve is here figured, and it shows that the 
apex is some distance from the margin. 
Locality 54s. 
Holotype and plesiotypes—U.S.N.M. No. 51969. 


ACROTHELE PARILIS, n. sp. 
Plate 1, figs. 23-25 
Acrothele subsidua Watcott (part), U. S. Geol. Surv. Mon. 51, p. 656, pl. 60, 
figs. Id, Ig, Ie, 1912. 

Walcott confused this beautiful species with A. subsidua, which 
characterizes the Wheeler shale of the House Range. This happened 
because he failed to observe the exterior of the ventral valve. 

A, parilis is a large, very beautifully marked form. The ventral 
valve is almost circular with the elevated apex nearly in the middle of 
the shell. The dorsal valve is less circular in outline, and in the 
specimen illustrated is slightly depressed in the middle. The 
surface is marked by concentric striae. 

Compared to A. artemis, this species is larger and more circular in 
shape and the apex is nearer the center. 

Locality 54s. 

Cotypes—U.S.N.M. No. 52014. 


ACROTRETA Kutorga, 1848 
ACROTRETA SULCATA Walcott 
Plate 1, figs. 11-14; plate 2, fig. 4 


Acrotreta idahoensis sulcata WaAtcott, Proc. U. S. Nat. Mus., vol. 25, p. 588, 
1902; U. S. Geol. Surv. Mon. 51, p. 690, pl. 65, fig. 5, 1912. 


This species must be confined to the specimens from the type 
locality, which is on the strike, but south of, the place where Walcott 
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collected. The Spence shale form previously identified as A. sulcata 
has been described as A. levata Resser. 

The plesiotypes add to our knowledge of the species by presenting 
illustrations of specimens showing the exterior features. 

Near Paris, Bear River Range, and localities 54s, 19s. 

Holotype-—U.S.N.M. No. 35275; plesiotypes, No. 52109. 


ACROTRETA EUCHARIS, n. sp. 
Plate 1, figs. 15-18 ; 
Acrotreta pyxidicula Watcotr (part) (not White), U. S. Geol. Surv. Mon. 51, 
p. 701, pl. 60, figs. 3-3f, 1912. 

This is the commonest species of Acrotreta in this formation, being 
represented by many specimens both in the Wasatch Mountains and 
on the eastern slopes of Bear River Range. It is a small brachiopod, 
and since it does not exceed 2 mm. in diameter Walcott confused it 
with A. pyxidicula White, an Upper Cambrian species from the 
Schellbourne Range, Nevada. As a matter of fact, Walcott’s descrip- 
tion of A. pyxidicula is based on the Idaho specimens. 

The photographs fail to bring out the height of these minute shells, 
which, however, is shown in Walcott’s drawings. It will be observed 
that this species differs from A. sulcata because the median groove 
is very much shorter and the median septum of the dorsal valve also 
is shorter. In A. eucharis the apex is much closer to the posterior 
margin than in A. sulcata. 

Localities 54s, 322, and 50f. 

Cotypes.—U.S.N.M. Nos. 52147, 52150. 


ACROTHYRA Matthew, 1901 
ACROTHYRA MINOR Walcott 
Plate 1, figs. 26-29 
Acrothyra minor Watucott, Proc. U. S. Nat. Mus., vol. 28, p. 303, 10905; 
U. S. Geol. Surv. Mon. 51, p. 717, text fig. 50, pl. 76, figs. 4-4b, 1912. 


Locality 54s. 
Holotype and paratypes —U.S.N.M. Nos. 52050, 52051. 


OBOLIDAE King 
LINGULELLA SALTER, 1866 
LINGULELLA EUCHARIS Resser 
Plate 1, figs. 30-32 
Lingulella eucharis Resser, Smithsonian Misc. Coll., vol. 97, No. 12, p. 5, pl. 1, 
figs. I-3, 1939. 
Walcott identified the specimens of this species with L. desiderata, 
L. helena, and L. isse but figured none of them. 
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It will be observed that the several valves illustrated here and in 
previous publications are within the normal variation af a species, 
consequently this form is identified with the Spence shale species. 
It has also been identified from localities near Brigham. ' 

Localities 54s, 59f, and 55e. 

Plestotypes—U.S.N.M. Nos. 51817, 51844. 


BILLINGSELLIDAE Schuchert 
WIMANELLA Walcott, 1908 
WIMANELLA MALADENSIS, n. sp. 
Plate 1, figs. 33-37 


Billingsella coloradoensis Watcotr (part), U. S. Geol. Surv. Mon. 51, p. 751 
Plsseies 12 1Ol2s 


Walcott figured the interior of an incomplete dorsal valve. Very 
good specimens are available showing that the species is a typical 
Wimanella, characterized by rather irregular but pronounced ribs. 
The beak extends considerably beyond the hinge line, and the species 
averages rather large. 

Localities 54s and 20x. 

Cotvpes—U.S.N.M. No. 34776. 





GASTROPODA 
PALAEACMAEIDAE Grabau and Shimer 
HELCIONELLA Grabau and Shimer, 1909 

. HELCIONELLA ARGUTA, n. sp. 

Plate 1, figs. 38-41 


This species is rather abundant. As may be seen from the illus- 
trations, the shell is coiled into practically a complete whirl and 
expands rapidly. The cross section for most of the whirl is nearly 
circular but becomes flattened toward the mouth. The shell on the 
inner side of the whirl is nearly smooth but on the opposite side is 
divided by deep furrows into eight or more annulations, thus giving 
it a much more rugose appearance than most species in the genus. 
Each of these large rugosities carries a number of small transverse 
plications. In addition the shell is strongly striated lengthwise, the 
striae being slightly irregular in course, and varying slightly in 
strength. 

Locality 54s. 

Cotypes —U.S.N.M. Nos. 98486a-d. 
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HELCIONELLA AEQUA, n. sp. 
. Plate 1, figs. 45-47 


Several examples of a smooth form occur with H. arguta. This 
species is strongly curved but does not form a complete whirl. It 
expands very rapidly from the beak to the mouth. Viewed in cross 
section H. aequa is so flattened that both sides are nearly parallel. 
Faint irregular annulations may be seen in proper light. There are 
also rather weak longitudinal striations toward the outer margin of 
the whirl. 

Locality 54s. 

Holotype —U.S.N.M. No. 98487. 


HELCIONELLA BURLINGI, n. sp. 
Plate 1, figs. 42-44 


At first it was thought that this form might be H. arguta, which it 
closely resembles in its coarse annulations, but, as seen in the illus- 
trations, there is considerable difference in this respect. H. burlingi 
forms a little more than a complete whirl. In cross section it is 
rounded with flattened sides, and the annulations are wide but 
irregular on the outer margin of the whirl, becoming obsolescent on 
the inner face. The separating depressions are deeper on the sides 
than on the outer portion of the whirl, contrary to the usual develop- 
ment. The surface is marked by irregular striations parallel, to the 
annulations, and in addition there are faint lengthwise striations. 

Locality 50f. 

Cotypes—U.S.N.M. Nos. 98488a-c. 


HYOLITHIDAE Nicholson 
HYOLITHES Eichwald, 1840 
HYOLITHES PROLIXUS, n. sp. 
Plate 2, figs. 1-3 


This is a large species without a carina. As shown by the photo- 
graph of the cross section the convex sides rise very steeply from the 
flat side-and the convex side is rounded rather than sharply angular. 
On the flat side the usual striations are parallel to the lip but are 
developed irregularly. On the convex side the surface is also 
striated parallel to the lip except that the striae turn up toward the 
lateral angles, and they are closer together than on the flat side. 

Locality 54s. 

Cotypes.—U.S.N.M. Nos. 9848g9a-c. 
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AGNOSTIA 
AGNOSTIDAE M’Coy 
AGNOSTUS BRONGNIART, 1822 
AGNOSTUS LAUTUS, n. sp. 
Plate 2, figs. 16-18 


This species is similar to the many others in the Middle Cambrian, 
of which A. montis is the best known. A. lautus is so much like 
other species in the Wasatch region that it was hoped it could be put 
‘ into one of them. It is rather close to A. brighamensis, for the various 
furrows and proportions throughout are proportional in both species. 
But A. lautus does not have the even, semicircular outline of A. 
brighamensis because of the flattening of the front of the cranidium 
and of the sides and rear margins of the pygidium. 

Locality 54s. 

Cotypes—U.S.N.M. Nos. 98490a-c. 


ERIEOBETA 
PAGETIDAE Kobayashi 
PAGETIA Walcott, 1916 

PAGETIA MALADENSIS, n. sp. 

Plate 2, figs. 4, 5 


This is a rather smooth species of Pagetia. The cranidium has a 
long narrow glabella, well-defined eye lines, and a wide preglabellar 
area, as well as the usual rim structure. The species is of average 
size. Aside from the narrow glabella, two other features separate it 
from P. clytia, namely, the weakness of the median furrow across the 
preglabellar area and the absence of indentations on the brim. The 
pygidium, regarded as representative of the species, differs from that 
of P. clytia in the greater fusion of the pleural lobes carried to the 
point where furrows are no longer visible. There are the usual axial 
spines. ' 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 9849!a, b. 


PAGETIA CLYTIA Walcott 
Plate 2, figs. 5-8 
Pagetia clytia Watcott, Smithsonian Misc. Coll., vol. 64, No. 5, p. 408, pl. 67, 


figs. 2-2e, 1916—RAyMoND, Mem. Connecticut Acad. Sci. vol. 7, p. 145, 
fig. 37, 1920—ReEsseErR, Smithsonian Misc. Coll., vol. 97, No. 12, p. 8, pl. 2, 


figs. 30-32, 1939. 
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Numerous well-preserved specimens permit close specific dis- 
crimination, which shows that this form is clytia, characteristic of 
the overlying Spence shale. 

Locality 54s. 

Plesiotypes—U.S.N.M. Nos. 98492a-d. 


ZACANTHOIDEA Swinnerton 
PROZACANTHOIDES Resser, 1937 


This genus is represented by five species in the collections from 
locality 54s and one from locality 59f, near Liberty. Unidentified 
species occur in the Langston of Blacksmith Fork. This represents 
a great expansion for the genus, and most of the species are repre- 
sented by many specimens. 

As the species are here set up heads and tails have been matched 
according to shape and surface ornamentation. One specimen retains 
the libragenes and part of the thorax. 

Considerable similarity exists between the cranidia of Prozgacan- 
thoides and Dolichometopsis and Ptarnugania, and the pygidia of 
Progacanthoides are sometimes difficult to tell from those of Ko- 
chaspis and even of Kochiella. Similar likenesses are observed among 
the hypostomata. In several respects Prozacanthoides lies between 
Zacanthoides and Albertella. 


PROZACANTHOIDES ALATUS, n. sp. 
Plate 3, figs. 10-12 


This species is represented by several cranidia and pygidia, which 
have been selected on the basis of surface ornamentation and degree 
of fusion. The glabella is parallel-sided and rounded at the anterior 
angles, with a flattened curvature in front. The occipital furrow is 
straight and clearly defined but not deep. The occipital ring has a 
fairly large spine. Four pairs of glabellar furrows are faintly indi- 
cated. The fixigenes are confined to the palpebral lobes and at their 
widest point are a little more than half the width of the glabella. 
The eyes are very long, and the eye band is wide. The eyes extend 
from the anterior angles of the glabella outward at a considerable 
angle, with a nearly straight outline for about two-thirds their length. 
In the rear third the curvature increases very rapidly, and the rear 
portion of the eye lobe evidently overhangs the occipital furrow. The 
brim is simple without a rim, slightly concave, and upturned. The 
facial suture diverges at about the normal rate. 
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In the pygidium fusion is not complete as ribs appear in the pleural 
lobes. The axis is stout and long, terminating rather abruptly. Four 
rings and a terminal segment are defined by shallow axial furrows. 
As usual the anterior segment extends into stout spines directed 
straight back and a small pair of spines is developed on the second 
segment. 

Locality 54s. 

Holotype and paratypes—U.S.N.M. Nos. 98493a-c. 


PROZACANTHOIDES LIBERTYENSIS, n. sp. 
Plate 3, figs. 13-15 


It is possible that two species are included in the illustrated material, 
consequently one of the cranidia (fig. 13) is referred to the species 
with reservation. All the material is fragmentary, but it seems worth 
recording to show occurrence of Prozacanthoides in the Mill Creek 
section. The description is confined to the holotype pygidium. 

The cranidium is parallel-sided, with a very slight expansion near 
the anterior end. The dorsal furrow is clearly defined, rounding off 
the anterior angles of the glabella. Palpebral lobes, which constitute 
the fixigenes, are less than half the width of the glabella and the 
eyes appear to have extended from the anterior pair of glabellar 
furrows to the occipital furrow, with a rather even but not very 
great curvature. Fusion is not complete in the pygidium and conse- 
quently several segments are apparent. The border seems to lack 
spines although it is wavy and has a strong indentation at the rear 
of the axis. 

P. libertyensis differs from the species in Two Mile Canyon by 
its narrow brim and the pygidium, which has less detailed relief. 

Locality 5of. 

Holotype and paratypes —U.S.N.M. Nos. 98494a-c. 


PROZACANTHOIDES DECOROSUS, n. sp. 
Plate 3, figs. 16-18 


This species is represented by several examples of each part, and 
is a particularly well-formed species. 

Four pairs of glabellar furrows are faintly indicated and the 
widened neck ring carries a short, slender spine. The width of the 
fixigenes is more than half that of the glabella, causing the glabella 
to be rather slender in proportion. The eyes are long and fairly 
evenly bowed with a slight decrease in curvature in the forward half. 
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The brim is simple and narrower than in most species. The 
associated hypostoma is illustrated in figure 18, together with another 
cranidium. The pygidium assigned to the species is not completely 
fused, as two segments are traceable, beside furrows on the third. 
The marginal spines are three in number. The pygidium is further 
characterized by a rather strong post-axial ridge and by the straight 
lateral margins. 

P. decorosus is much like P. alatus in the large size of the eyes. 
It is distinguished quite readily by the more even curvature of the 
eye lobes. 

Locality 54s. 

Holotype. and paratypes—U.S.N.M. Nos. 98495a-c. 


PROZACANTHOIDES EXILIS, n. sp. 
Plate 3, figs. 19, 20 


This species is represented by a considerable number of specimens. 
It is characterized by a rather broad glabella on which the furrows are 
indicated by faint depressions. The glabella is slightly keeled. The 
occipital furrow is considerably reduced, consisting of two deep 
elongated pits connected across the middle by a shallow furrow. The 
palpebral lobes at their greatest width equal exactly half the 
glabellar width. The eye bands are particularly wide, the eyes are 
’ rather evenly curved and set at a smaller angle to the dorsal furrow 
than in any other species. The brim is wide. The pygidium assigned 
to the species is narrow with a wide axis well fused with only one 


segment traceable. The axis is prominent because of its large size © 


and because the narrow. pleural lobes are slightly concave, rising 
from the dorsal furrow. The pygidium has a very small spine on the 
first segment. The surface is covered by fine anastomosing lines. 
Locality 54s. 
Holotype and paratype —U.S.N.M. Nos. 98496a, b. - 


PROZACANTHOIDES AEQUUS, n. sp. 
Plate 3, figs. 21-23 


This species is represented by a number of cranidia, to which one 
pygidium had been assigned. It is characterized by low relief and a 
high degree of fusion. Several of the glabellar furrows are indicated 
by wide shallow depressions; likewise the occipital furrow. The 
widened neck ring is peculiarly marked by irregular striations 
radiated from the short occipital spine and covering the latter 
half of the ring. At their widest point the palpebral lobes are a little 
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more than half the width of the glabella, and are peculiar in that they 
are sunken below the dorsal furrow and eye band. The slightly 
upturned eye band is gently curved in the forward three-fourths and 
more sharply in the latter fourth. The brim is depressed next to the 
glabella and at the lateral angles in an irregular manner and is covered 
by coarse radiating anastomosing lines. The associated pygidium is 
also flat, with the axis standing above the pleural lobes. Like the 
fixigenes the pleural platforms are depressed below both the axis 
and.the outer segment which forms a rim. The first segment extends 
into a spine. 

The depression of the brim in front of the glabella and a similar 
downturning of the rear margins of the pygidial pleural lobes serve 
to distinguish this species from its associates. 

Locality 54s. 

Holotype and paratypes—U.S.N.M. Nos. 98497a-c. 


PROZACANTHOIDES OPTATUS, n. sp. 
Plate 3, figs. 24-30 


This is the commonest species of Prozacanthoides at the locality. 
It is represented by the best-preserved material and, moreover, has 
about average features for the group of species. __ 

The glabella is parallel-sided, with the rear pair of furrows rather 
deeply impressed and the others represented by faint impressions. 
The occipital furrow is deep and the rings bear a spine, as well as two 
furrows parallel to the rear pair of glabellar furrows. Eyes are large, 
with their greatest curvature toward the rear, the palpebral lobes 
attaining their greatest width opposite the rear pair of glabellar fur- 
rows. At their widest point the palpebral lobes exceed half the 
glabellar width. Brim rather narrow; outline of the front margin of 
cranidium straighter than in most species. The posterolateral limbs 
end in intragenal spines. ; 

Libragenes, attached to the holotype, are about as wide.as the pal- 
pebral lobes, with long, slender, genal spines, which are slightly ad- 
vanced. The strong rim is heavily striated and the ocular platforms 
are covered with a network of heavy anastomosing lines. 

The pygidium assigned to the species is well fused, with a rather 
strongly tapered axis. Pleural segments are not entirely obliterated. 
The first segment extends into rather long, stout spines, and a second 
pair into small spines. 

Locality 54s. 

Holotype and paratypes ——U.S.N.M. Nos. 98498a, a’-2. 


30 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 


BATHYURISCIDAE Richter 
BATHYURISCUS Meek, 1873 
BATHYURISCUS POLITUS, n. sp. 
Plate 2, fig. 9 


Present collections have yielded a single small Bathyuriscus 
pygidium, which belongs to the spined group of the genus. Even 
though there is but this one small tail, its generic position is certain. 

The axis is cylindrical and extends to the rear margin, in cross 
section standing completely above the flat pleural lobes. Botlt the 
pleural grooves and the pleural furrows are retained, the latter ending 
in deep depressions next to the rim. The rim is narrow and extends 
into stout spines at the anterior angles. 

Locality 54s. 

Holotype —U.S.N.M. No. 08499. 


POLIELLA Walcott, 1916 
POLIELLA WASATCHENSIS, n. sp. 
Plate 13, fig. 16 


An entire individual and a pygidium with the major portion of a 
thorax represent the species. It occurs in a shaly matrix, associated 
with Alokistocarella brighamensis. Its precise stratigraphic position 
is not known, and it is here included because of its association. 

Asa whole P. wasatchensis has the ovate shape characteristic of the 
genus. The glabella occupies the full length of the cranidium except 
for a narrow rim. It expands forward in the usual manner of’ the 
genus. Owing to the fact that the hypostoma has been pressed into 
the glabella, furrows and convexity are not determinable. The eyes 
are about normal in size and position. Anterior to the eyes the suture 
diverges and behind the eyes long narrow posterolateral limbs are 
formed. The fixigenes are almost eliminated at the anterior end of 
the eye. The libragenes are attached. They are simple, of normal 
size and have a narrow rim. Genal spines extend to about the fourth 
thoracic segment and are directed away from the thorax. 

Thorax has nine segments. The rather long spines are spread out in 
open fashion. 

The pygidium is fairly large, with the slender axis extending about 
three-fourths its length. A postaxial ridge continues to the indented 
rear border. Fusion has not wholly eliminated the pleural grooves. 
The pleural furrows are traceable almost to the margin across the 
slightly concave flattened border. 

Locality 20x. 

Holotype —U.S.N.M. No. 98500. 
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PTARMIGANIDAE, new family 
DOLICHOMETOPSIS Poulsen, 1927 


Poulsen described Dolichometopsis from cranidia, referring a 
single fragmentary pygidium to the type species. This pygidium, how- 
ever, is doubtful, what there is of it pointing rather to Kochiella. 
Nearly complete specimens in the Ptarmigania fauna makes it prac- 
tically certain that the pygidium of Dolichometopsis has a spinose 
margin, four spines to the side. These spines, which increase in size 
from front to back, may be longer than the pygidium or may be short 
and sharp-pointed. In no case have they been eliminated. The most 
characteristic feature of the pygidium, aside from the marginal spines, 
is the heavy spine on the first axial ring. The thorax seems to have 
seven segments. 

Poulsen recognized the relationship of Dolichometopsis to Alber- 
tella. Its nearest relative clearly is Ptarmigania. In fact, it is not 
certain that the cranidia of the two genera can be separated in every 
case when the pygidium is lacking. In this paper arbitrary separa- 
tions were necessary in several instances. On the whole Ptarmigania 
is more granulose than Dolichometopsis, but one cannot be sure ‘that 
this criterion will hold at other localities for both have a granulated test. 


DOLICHOMETOPSIS LEPIDA, n. sp. 
Plate 3, figs. 31-33 


This species is represented only by cranidia and a libragene. It is 
characterized by a long glabella, which expands slightly forward of 
the eyes. The usual four pairs of glabellar furrows are visible, and 
the occipital ring extends into a long stout spine. The fixigenes are 
confined to the palpebral lobes, which extend forward to the third 
pair of glabellar furrows and back to the occipital furrow. At the 
widest point they are just exactly half the width of the glabella and 
the eyes are moderately bowed with a nearby even curvature. As 
usual the rear end of the eye lobe overhangs the occipital furrow. The 
surface is granulose, the granules being rather numerous and evenly 
distributed. Anterior to the eyes the fixigenes form a flange about 
equal in width to the narrow concave brim, the latter being thickened 
and heavily striated on the elevated edge. 

D. lepida has the longest glabella of the smaller forms. 

Locality 54s: 

Holotype and paratype-—U.S.N.M. Nos. 9850!a, b. 

3 
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DOLICHOMETOPSIS STELLA, n. sp. 
Plate 3, fig. 37 


This species is based on a single incomplete pygidium, which might 
well belong to some of the described cranidia, but it has been given a 
name because of its unique construction. Unfortunately the axis is 
broken away, but it clearly stood well above the convex pleural plat- 
forms. The pleural lobes rise slightly from the dorsal furrow but 
drop off rapidly to the border in their outer half. Four pleural 
furrows are visible, terminating in pits at their distal end. The unique 
feature of the pygidium is the length of the four marginal spines. 
The first pair is nearly as long as the pleuron to which it is attached. 
The remaining pairs increase in size and length rearward until the 
rear pair possibly equal the length of the pygidium. The surface is 
covered by small scalelike granulations, which become stronger toward 
the margins. 

Locality 54s. 

Holotype —U.S.N.M. No. 98502. 


DOLICHOMETOPSIS ALIA, n. sp. 
Plate 4, figs. 19-21 


This is another well-represented species but only by cranidia. 

The glabella expands forward at about the usual rate. The four 
pairs of glabellar furrows are faintly indicated but shallow. The neck 
ring is wide and contracts abruptly to a long, slender spine. The 
fixigenes at the widest point, which is at the rear end of the eye, 
exceed half the width of the glabella at the same point. The eyes are 
of moderate size and set at a considerable angle to the dorsal furrow. 
They are bowed rather evenly but the curvature is not great. Postero- 
lateral limbs wider than usual in the genus, with a strong occipital 
furrow. Fixigenes anterior to the eyes at least four times the width 
of the brim. Brim confined to a very narrow upturned rim. Surface 
covered by scattered inconspicuous granules. 

Locality 54s. 

Holotype —U.S.N.M. No. 98503 ; figured specimen, No. 98504. 


DOLICHOMETOPSIS MEDIA, n. sp. 
Plate 4, figs. II-12 
This species is founded on a single pygidium. The axis is long and 
stout and unfortunately is broken off on top as the long spine was 
carried away by the matrix. Pleurai lobes well fused, with four 
furrows visible, ending in the usual pits inside the border. Four 
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marginal spines increasing in size from the front to the rear are 
present. The surface is granulose, with the granules of moderate size 
and fairly crowded on the higher portions. 

Locality 54s. 

Holotype —U.S.N.M. No. 98505. 


DOLICHOMETOPSIS COMIS, n.sp. 
Plate 4, figs. 22-24 


This species is represented by several cranidia, and a pygidium 
assigned to it. The glabella expands very slightly and is definitely 
keeled, which feature extends into the occipital spine. It is further 
characterized by the failure of the occipital furrow to be deeply 
impressed across ‘the median line. The palpebral lobes attain their 
greatest width opposite the first pair of glabellar furrows and this 
width is more than half the glabellar width at the same point. The 
eyes are evenly bowed and considerably curved, and anterior to the 
eye lines form rather wide flanges. Rim narrow. The pygidium is 
characterized by a long, stout axis. The first axial ring is thickened 
and bears the usual long spine. Back of this, three other rings are 
traceable. On the pleural lobes only three ribs are noticeable, with 
the furrows terminating in pits as usual. The third pair of marginal 
spines is ‘apparently reduced, while the fourth is rather large. Sur- 
face characterized by scattered granules and irregular ridges, both of 
which are faint. 

Locality 54s. 


Holotype and paratype —U.S.N.M. Nos. 98506a, b. 


DOLICHOMETOPSIS POULSENI, n. sp. 
Plate 5, figs. I-10 


This species gives a clue to the association of cranidium and 
pygidium. It also serves for correlation between the Wasatch 
Mountains and Liberty Canyon in the Bear River Range. Unfor- 
tunately the specimens are fragmentary and the material is not 
abundant. Further collection at the locality should yield excellent 
specimens. 

This is a large species in which the long glabella is practically 
parallel-sided. The usual furrows are visible, although broad and 
shallow. The occipital ring is exceptionally wide and extends into a 
long, erect spine. The fixigenes at their widest points are about half 
of the glabellar width. The eyes are long and fairly evenly bowed 
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with increasing curvature toward the rear. In cross section the 
cranidium is convex, but the cheeks are nearly flat, sloping a little 
downward from the dorsal furrow. Longitudinally the species is 
very convex with the posterolateral limbs depressed and curved down 
at their distal ends, and the anterior part of cranidium sloping down at 
almost right angles to the rear portion. The anterior fixigenes form 
a flange about twice as wide as the flat concave rim. Libragenes 
unknown. Several specimens retain thoracic segments, one of them 
as many as seven, which is possibly the total number. The pygidium 
is characterized by a prominent axis in which four rings are traceable, 
the first one being thickened and bearing a large axial spine. Four 
pairs of faint pleural furrows end in pits inside the border. A thick- 
ening along the rear margin delimits the first segment on the pleural - 
lobes. The four marginal spines evidently increase in size from the 
front toward the rear. Surface marked by scattered granules on 
elevated portions. 

Locality 59e, 54s. 

Holotype and paratypes—vU.S.N.M. Nos. 98518a-c. 


DOLICHOMETOPSIS PROPINQUA, n. sp. 
Plate 5, figs. 11-13 


This species is characterized by a long expanding glabella, which 
is narrowest at the second pair of furrows. The furrows are all 
shallow. The palpebral lobes are about half the glabellar width at 
the same point, and anterior to the eyes the fixigenes form a flange 
about three times the width of the rim. The eyes are long and not 
greatly bowed, except toward the rear. Rim narrow in front, widen- 
ing toward the anterior angles to meet the flange. Eye lines present. 
The pygidium assigned to the species has a high axis, which termi- 
nates very abruptly in the rear and the pleura are fairly well indicated 
in the lobes. The four marginal spines increase only slightly in size 
toward the rear. Surface nearly smooth, but with scattered 
granulations. . 

Locality 54s. 

Holotype and paratype-—U.S.N.M. Nos. 98508a, b. 


DOLICHOMETOPSIS GREGALIS, n. sp. 
Plate 6, figs. 1-4 


This species is close to D. poulseni, with which it is associated. It 
is characterized by its large size and a practically parallel-sided 
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glabella. Furrows are wide and shallow, and when the test is ex- 
foliated they are traceable entirely across the glabella. The dorsal 
furrow is shallow even though it is clearly defined. Evidently there 
is a large, erect, occipital spine. The palpebral lobes at their widest 
points are less than half the glabellar width. The eyes are long, with 
a slightly thickened band, but not greatly curved, and are set prac- 
tically parallel with the dorsal furrow. Compared to most of the 
other species, this form is flat in cross section, with the glabella rising 
above the palpebral lobes in a flat curvature. The fixigenes are prac- 
tically flat and almost horizontal. Longitudinally there is more curva- 
ture particularly because the anterior angles and posterolateral limbs 
are depressed. The brim is simple, concave with a slightly upturned 
rim. The pygidium is characterized by width of border and of the 
marginal spines. The latter increase in size rearward so that the last 
pair is large. The first segment is swollen as usual with a large spine, 
and the axis overhangs the border in the rear. Fusion is carried so far 
that most furrows are eliminated, and the border is wide. 
Locality 59e. 
Holotype and paratype —U.S.N.M. Nos. 98509~, b. 


DOLICHOMETOPSIS COMMUNIS, n. sp. 
Plate 6, figs. 5-8 


A number of specimens have been assigned to this species. It is 
characterized by a glabella that expands slightly in front of the eyes 
and has the usual shallow glabellar furrows. The distinctive charac- 
teristics of the species are found in the palpebral lobes, which are 
convex and narrow at their widest point, being only about one-third 
as wide as the glabella. Eyes very long and not greatly curved. In 


cross section the cranidium has a low-arched glabella and convex 


palpebral lobes, which also rise above the dorsal furrow. On the other 
hand, in longitudinal direction the cranidium is more highly arched, 
curving slightly except in the anterior fourth, which is sharply down- 
turned. The associated pygidium is characterized by the usual features 
with the axis standing above the pleural lobes, but with only a 
shallow dorsal furrow. The pits at the ends of the pleural furrows 
are rather deep and the marginal spines nearly the same size through- 
out are arranged in a stellate fashion. The surface is covered by 
granules on the elevated portions, but the wide shallow furrows 
lack them. 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 985 10a, b. 
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DOLICHOMETOPSIS MANSFIELDI, n. sp. 
Plate 6, figs. 11-16 


This species is represented by a number of fragmentary specimens. 
It is nearest like D. communis in the narrowness of the palpebral 
lobes. The glabella does not expand very much and the furrows are 
all shallow, including the occipital furrow. The occipital ring is wide 
but its spine is slender. The palpebral lobes at their widest point are 
considerably less than half the glabellar width. The eyes are long, 
rather straight in the forward part, and more sharply curved to the 
rear. The libragenes are convex in cross section, but the glabella has 
little elevation. Longitudinally this species is not so highly convex, 
as may be seen from the side views. Test is smooth except for 
striations on the rim. 

Locality 19s. 

Holotype and paratypes-—U.S.N.M. Nos. 9851 1a-d. 


DOLICHOMETOPSIS POTENS, n. sp. 
Plate 6, figs. 17-23 


This species is represented by fragmentary material only but is 
quite distinctive because of the great width of the palpebral lobes and 
the practically smooth test. The glabella expands greatly in the 
anterior half. The furrows are developed as usual. The palpebral 
lobes are very wide, equaling nearly two-thirds the glabellar width at 
the same point. The occipital spine is stout. Anterior to the eyes 
the fixigenes form only a narrow flange, and the rim is very narrow. 
Fusion is carried far in the pygidium. The furrows are wide and 
shallow and the pits large but also shallow. The four marginal spines 
evidently increase in size rearward and likely are rather large. The 
peculiar feature of the pygidium is the wrinkling of the test on the 
higher parts. 

Locality 54s. 

Holotype and paratypes —U.S.N.M. Nos. 98512a-e. 


DOLICHOMETOPSIS GRAVIS, n. sp. 
Plate 7, figs. 6-11 


This species is represented by several cranidia, and one pygidium 
has been assigned to it. It is characterized by the usual cranidial fea- 
tures, the glabella expanding slightly anterior to the eyes, and with 
four pairs of glabellar furrows, shallow except for the outer ends of 
the first pair, which are deeply impressed next to the dorsal furrow. 
This species evidently has a rather slender occipital spine. In cross 
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section the cranidium is convex. Longitudinally it is considerably 
more so, with a rather even curvature throughout. The palpebral 
lobes are just half the width of the glabella, and the eyes are of 
normal size and normal curvature. The palpebral furrow is shallow, 
but the eye band is fairly well defined. The brim is very narrow, 
expanding to meet the moderate flanges at the anterior angles. The 
pygidia assigned to the species has a rather high axis, abruptly termi- 
nated in the rear. The marginal spines increase rearward until the rear 
pair is quite long. Owing to the convexity and the granulations on the 
spines, there is some question regarding assignment of the pygidium. 
The cranidial surface seems to be nearly smooth. 

Locality 54s. 

Holotype and paratypes —U.S.N.M. Nos. 98513a-c. 


PTARMIGANIA *® RAYMOND, 1928 


Ptarmigania is represented by many species. Separation of 
Ptarmigania and Dolichometopsis can be made only when pygidia are 
available. In a species such as P. exigua the pygidial border has one 
definite and three blunt spines, the latter little more than irregularities 
of the edge. In most species the margin has been smoothed out much 
more, so that there is scarcely anything more than a slight production 
of the anterior angles to represent the spines. Pétarmigania also has 
a large axial spine on the first pygidial segment. Most of the species 
are granulated. 

The cranidium of Ptarmigania resembles that of Clavaspidella, but 
the pygidium is differently constructed. Aside from the lack of an 


axial spine, Clavaspidella typically has a rounded triangular or semi-_ 


circular tail, while Ptarmigania has a transverse pygidium always 
wider than long. 


PTARMIGANIA AURITA, n. sp. 
Plate 3, figs. 35, 36 


A single small cranidium is particularly marked by its nearly smooth 
surface and shallow glabellar furrows. The glabella expands forward 
from the first pair of glabellar furrows. The usual furrows are 
present but shallow, and the occipital spine evidently was large. The 
fixigenes, which are confined to the palpebral lobes, are about three- 
fourths the average glabellar width. The cranidium has considerable 
convexity longitudinally, and in cross section the glabella stands com- 


* Ptarmigania was erroneously recorded in the bibliographic records as 
Ptarmingia. This error of spelling inadvertantly got into the literature. 
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pletely above the fixigenes, rising on the sides rather rapidly reaching 
the greatest curvature near the median line but without producing a 
keel. The fixigenes are convex, sloping down rather rapidly to a broad 
palpebral furrow. The wide eye band rises from the furrow. The 
eyes are of moderate length, extending from the front glabellar 
furrow to a point forward of the occipital furrow. Anterior to the 
eyes the fixigenes form a small flange which joins the narrow brim. 
The brim consists of a narrow rim, slightly upturned. Surface finely 
granulose. 

Locality 54s. 

Holotype —U.S.N.M. No. 98514. 


PTARMIGANIA EXIGUA, n. sp. 
Plate 4, figs. I-10 


This is a common species, being represented by one cephalon, many 
cranidia, libragenes, and pygidia. 

The glabella is long, expanding forward from the occipital furrow 
at an even rate to rounded anterior angles. The usual sets of furrows 
are deeply impressed. In cross section the species is convex, and the 
evenly arched glabella is above the dorsal furrow. The fixigenes are 
only slightly convex and have a horizontal position. Longitudinally 
the cranidium is very convex. The palpebral lobe, which is the fixi- 
gene, is about two-thirds the width of the glabella at that point. The 
occipital spine is stout and long, and the posterolateral limbs are long. 
The eyes extend from a little forward of the posterolateral limbs to 
the third pair of glabellar furrows and are set at a considerable angle 
to the dorsal furrow. The eye band is wide and slightly upturned. 
Eye lines strong. Anterior fixigene fairly wide and turned down at 
the outer angles. Brim simple, convex with the anterior margin 
strongly. striated. Fixigene, attached to the holotype, highly convex 
and placed almost vertical to the palpebral lobe. Outer edge striated 
to correspond to rim and increasingly upturned toward the front. 
Genal spines long. 

The pygidium is characterized by a stout axis in which two rings 
and a large terminal segment are defined, the anterior ring carrying 
a large spine. Three pleura visible on the platforms, but on the wide 
border four may be discerned. Each pleuron extends into a short 
blunt marginal spine. 

Surface of the entire test granulose with the granules fairly evenly 
distributed except in the furrows. 

Locality 54s. 

Holotype and paratypes —U.S.N.M. Nos. 98515a-f. 
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PTARMIGANIA NATALIS, n. sp. 
Plate 4, figs. 13-18 


This is perhaps the most abundant species, but a pygidium has not 
been located for it. The glabella is long, expanding rather evenly 
but slowly forward with the usual four pairs of furrows visible. The 
neck spine is long and extends up from the neck ring. The fixigenes 
are confined largely to the palpebral lobes and at their widest points 
are almost exactly equal to half of the glabellar width at the same 
point. The eyes are long, extending from the occipital furrow to the 
third pair of glabellar furrows, and the eye band is continued to the 
glabella by a large, wide eye ridge. The eyes are evenly bowed, in- 
creasing their curvature slightly toward the rear. Forward of the 
eyes the fixigenes form a flange about twice the width of the brim. 
Brim confined to a rim slightly upturned and striated. The fixigenes 
are very convex with the platform setting at a 60° angle to the border, 
thus sloping steeply down from the eye. Surface evenly granulose 
except in the depths of the furrows. 

Locality 54s. 

Holotype and paratypes—U.S.N.M. Nos. 98516a-d. 


PTARMIGANIA ORNATA, n. sp. 
Plate 4, figs. 25-32 

This is another common species represented by numerous cranidia 
and libragenes, but no pygidium has been located. The glabella is 
nearly parallel-sided and long, with the usual four pairs of furrows 
and the occipital furrow is clearly shown. The cranidium is highly 
arched longitudinally with. a fairly even curvature. In cross section 
the glabella is quite convex, also with an even curvature. The libra- 
genes rise very steeply from the dorsal furrow before they turn over 
to the eye lobes as is shown in figure 30. The occipital spine is long 
and erect. The eyes are rather strongly bowed and the palpebral lobes 
at their widest points are less than half the glabellar width. This is 
perhaps the most granulose species, the granules being large and 
numerous, wanting only in the depths of the furrows. 

Locality 54s. 

Holotype and paratypes—U.S.N.M. Nos. 98507a-f. 


PTARMIGANIA AGRESTIS, n. sp. 
Plate 7, figs. 1, 2 
This species is represented by several cranidia. Pygidia have been 
assigned to it but are not illustrated because of uncertain relationship. 
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The holotype is characterized by a cranidium that expands at about 
the usual rate and has the usual furrows. The second pair of glabellar 
furrows is somewhat distinctive in that it consists of deep narrow 
slots, and the rear pair is somewhat irregular in its course. In cross 
section this is quite a flat species with the glabella arched above the 
dorsal furrow and the palpebral lobes flat on top, sloping off at the 
outer edges. Longitudinally, there is greater curvature, fairly steep in 
front, but otherwise gentle. The palpebral lobes at their widest point 
are half the width of the glabella. The eye bands are wide and the 
eyes are of moderate length and not greatly curved. The fixigenes 
form a narrow flange anterior to the eyes and there is almost no rim. 
The surface is smooth, except for irregular puckering of the test 
near the occipital spine. 

Locality 54s. 

Holotype —U.S.N.M. No. 98517. 


PTARMIGANIA ALTILIS, n. sp. 
Plate 7, figs. 3-5 


This relatively small species is represented by several cranidia and 
one libragene. The glabella expands in normal fashion, and while the 
usual glabellar furrows are present, they are excessively shallow, ex- 
cept for the anterior pair which is quite deep due to a swelling of the 
glabellar surface near it. The head is nearly flat in cross section but 
considerably arched longitudinally. The eyes are about normal in 
length and considerably curved toward the rear. At their widest point 
the palpebral lobes are slightly less than half the glabellar width. The 
eye bands are clearly differentiated, but the palpebral furrow is 
shallow. The test is smooth, except for linear rugosities on the occip- 
ital ring. Anterior to the eye the fixigenes form relatively wide 
downturned flanges, and the rim is very narrow. 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 985192, b. 


PTARMIGANIA SOBRINA, n. sp. 
Plate 7, figs. 12-15 


One cranidium and several pygidia have been associated to form 
the species. A libragene lies near the pygidium and is thought to 
belong with it. This species is characterized by a parallel-sided, rela- 
tively long and narrow glabella. In cross section the glabella is arched 
to a slight keel, and the palpebral lobes are quite convex, being rolled 
over on their outer edges. Longitudinally this species has considerable 
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elevation attained by an even curvature. The glabellar and occipital 
furrows are shallow, and the occipital spine is heavy and long. The 
palpebral lobes are just half the glabellar width at their widest point. 
The associated pygidium is well fused, although both the furrows 
and grooves are visible. The anterior portion of each pleuron is 
elevated into a narrow ridge, particularly well shown in the side view 
of the pygidium. The border is rather even, forming a slight angle 
near the anterior corner and another toward the rear, the remnants 
of the marginal spines. A small hypostoma lying near the cranidium 
is thought to represent the species. Surface appears to have been 
fairly smooth. 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 98520, b. 


PTARMIGANIA GERMANA, n. sp. 
Plate 7, figs. 16-20 


This is a relatively small species and is represented by several 
cranidia and pygidia. The glabella expands considerably forward and 
the usual furrows are visible but shallow. The occipital spine evidently 
is rather slender. This species is quite flat in cross section and only 
gently curved longitudinally. The eyes are long, gently curved, with 
the eye band well defined. The pygidium is well fused, so much so 
that most of the furrows and grooves are eliminated. The anterior 
furrow is visible and the groove between the first and second pleura 
is well shown next ‘to the dorsal furrow, because of the ridging on 
both sides of it. The rear margin is sharply indented in the center and 
a very short spine is present at the anterior angles. 

Locality 54s. 

Holotype and paratypes —U.S.N.M. Nos. 98521a-c. 


PTARMIGANIA DIGNATA, n. sp. 
Plate 8, figs. 1-7 


This is a well-represented species. The glabella expands forward 
throughout its length; at an increasing rate in the anterior third. The 
furrows are shallow throughout. The occipital spine is of about 
medium size and stands erect. The palpebral lobes are about half the 
width of the glabella at the same point and are particularly character- 
ized by high relief. A ridge parallels the palpebral furrow, thus giving 
rise to the distinctive feature of the species. The palpebral furrow is 
broad and shallow and the eye bands narrow. The eyes are of medium 
size and set at a considerable angle to the dorsal furrow. The flanges 
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are narrow and the brim practically wanting across the front of the 
glabella. The libragene has a rather wide ocular platform and is not 
very convex. A heavy, thickened border extends into a long genal 
spine. The associated pygidium is well fused, although three pleural 
furrows are still visible. The margin is nearly even with faintly 
defined waves to represent the marginal spines. Surface granulose 
on the highest points and toward the margins marked by heavy 
irregular lines. 

Locality 54s. 

Holotype and paratypes—U.S.N.M. Nos. 98522a-d. 


PTARMIGANIA, sp. undet. 
Plate 3, fig. 34 

A minute cranidium, the characters of which are well shown by the 
illustration, does not fit the recognized species. It may well repre- 
sent a young stage, but if so the species to which it belongs is not 
determinable, since there is no ornamentation to assist. 

Locality 54s. 

Figured specimen—vU.S.N.M. No. 98523. 


GLOSSOPLEURA Poulsen, 1927 
GLOSSOPLEURA PRONA, n. sp. 
Plate 8, figs. 11-14 
This species is characterized by its smoothness and the flatness of 
the pygidium. The eyes are large, and the glabella expands only 
slightly anterior to the forward end of the eyes. 
The pygidium is flat, with a faint dorsal furrow. Pleural furrows 
are faintly visible between the axis and the wide flat border. 
This species is similar to G. bion but the pygidium is flatter and the 
cranidium has less brim. 
Localities 55p, 55q. 
Holotype and paratype —U.S.N.M. Nos. 985242, b. 


GLOSSOPLEURA ARRECTA, n. sp. 
Plate 8, figs. 8-10 

This species is associated with G. prona but contrasts strongly with 
it because the pygidium is highly arched. This arching is rather even 
so that the dorsal furrow becomes shallow. Longitudinally the axis 
is arched, the declivity at the rear being very steep. Pleural grooves 
are practically absent. 

Localities 55p, 55q. 

Holotype and paratype —U.S.N.M. Nos. 98525a, b. 
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CLAVASPIDELLA Poulsen, 1927 
CLAVASPIDELLA WASATCHENSIS, n. sp. 
Plate 8, figs. 15-20 


Numerous pygidia, but only one cranidium, of this species have 
been found. Parts of other cranidia are to be seen on some of the 
larger pieces of rock. 

The glabella expands rapidly in the anterior third and is nearly 
parallel-sided opposite the palpebral lobes. The occipital and rear 
pair of furrows are well impressed, but the remaining furrows are 
barely visible. There is a small node of the neck ring. Anterior to 
the eyes the facial suture diverges rapidly, but the flanges thereby 
produced increase little in width toward the anterior angles. Brim 
consisting of a very narrow rim only. Palpebral lebes are narrow, 
being less than half the glabellar width at the same point, and they 
maintain their width throughout nearly all of their length. The 
pygidium is typical of the genus with its narrow axis on which four 
rings are traceable, beside the long tapering rear segment. The pleural 
lobes slope down to a slightly flattened border across which the pleural 
furrows extend to the margins. Pleural grooves are faintly visible. 
The libragene has a wide concave border, which extends into a long, 
broad, genal spine. The surface is covered with very fine granules 
and as usual, when the test is exfoliated, is punctate. 

Locality 20x. 

Holotype ad paratypes —U.S.N.M. Nos. 98526a-d. 


CLAVASPIDELLA EXCAVATA, n. sp. 
Plate 9, figs. 1-6 


_ This beautiful species is represented by a number of specimens. 

The glabella is long and narrow, expanding in the usual manner, with 
ordinary development of glabellar and occipital furrows. In cross 
section there is little convexity, except that the anterior angles and 
the posterolateral limbs are depressed. Longitudinally curvature is 
confined to the anterior third of the glabella. The palpebral lobes at 
their widest point are less than half the giabellar width. They rise 
somewhat from the dorsal furrow but do not have great convexity. 
The palpebral furrow is clearly defined. The eye 1s of normal size 
and position. The suture anterior to the eye diverges rapidly to form 
triangular anterior angles. The associated hypostoma has the large 
heavy bar characteristic of the genus. The pygidium is quite distinc- 
tive both in its relief and development of furrows. The axis has 
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about the usual proportions and stands above the pleural lobes. Both 
the pleural furrows and pleural grooves are deep; the anterior ones 
extending to the margin and those near the rear end of the axis ending 
abruptly some distance from the margin. The pleural platforms are 
small and the outer edges are upturned, so that the entire pygidium 
appears concave. 

Locality 59c. 

Holotype and paratypes —U.S.N.M. Nos. 98527a-d. 


ORYCTOCEPHALIDAE Beecher 
ORYCTOCEPHALITES, n. gen. 


Small trilobites related to Oryctocephalus. The glabella is long, 
extending the full length of the cranidium, expanding forward. The 
occipital furrow is deeply impressed and three pairs of glabellar 
furrows are present. None of them reach to the dorsal furrow. The 
rear pair consists of two elongated pits connected by a shallow furrow 
across the median line, while the forward pairs consist merely of 
elongated pits. The dorsal furrow is deep. The fixigenes average less 


than half the width of the glabella. The eyes are large, extending — 


from the occipital furrow forward a little more than half the length 
of the glabella and are set at a considerable angle to the course of 
the dorsal furrow. Weak eye lines connect their anterior ends with 
the dorsal furrow. These eye lines pass forward parallel to the 
strongly curved anterior margin, reaching the glabella forward of 
the anterior pair of furrows. The brim is confined to a narrow up- 
turned rim. The pygidium is well fused in the anterior portion. Its 
axis is rather prominent, contracting rather rapidly toward the rear 
and extending somewhat more than two-thirds the length of the 
pygidium. Four axial rings and a terminal segment are delimited. 
The pleural grooves are deep, and the pleural furrows are traceable, 
becoming better defined toward the rear so that the segmentation of 
the rear portion of the pygidium can be clearly traced. Five pairs of 
marginal furrows are present, and these increase in size from the 
anterior angles to the fourth spine, which is very large, while the fifth 
is reduced to small, slender points. A’ wide, flat, postaxial ridge 
extends to the rear margin. 

This genus differs from Oryctocephalus in the expanded glabella, 
which extends forward beyond the fixigenes, at the anterior angles, 
the reduction of the forward glabellar furrows to pits, the lesser 
development of the eye line, and the more posterior position of the 
eyes. In the pygidium the difference is expressed by a greater degree 


‘ 
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of fusion and a greater convexity, in keeping with the greater con- 
vexity of the cranidium. 
Genotype.—O. typicalis, n. sp. 


ORYCTOCEPHALITES TYPICALIS, n. sp. 
Plate 3, figs. 1-6 
The generic description and the illustrations present all the essential 
characteristics of this species. 
Locality 54s. 
Holotype and paratypes. 





U.S.N.M. Nos. 98528a-f. 


ORYCTOCEPHALUS Reed, 1898 
ORYCTOCEPHALUS MALADENSIS, n. sp, 
Plate 3, figs. 7-9 
. About 75 cranidia, but part of only one pygidium, have been found 
in the collections. This species is wholly typical of the genus, as the 
cranidium has a quadrate outline and a long parallel-sided glabella, 
with three pairs of furrows clearly indicated. The eye lines are 
prominent, and the rim is narrow, particularly in front of the gla- 
bella. The eyes are large and set practically parallel to the dorsal 
furrow. The fragment of the pygidium shows that segmentation is 
normally developed and no doubt there are long slender marginal 
spines. ; 

O. maladensis is very much like O. walcotti of the Spence shale. It 
averages smaller. Difference is noticeable in relief which is discounted 
by compression of the Spence shale. The chief difference is in the 
brim, where O. maladensis has a wider space between the eye lines 
and the anterior furrow on the anterior fixigenes, and also has a 
thickened instead of a flat rim. 

Locality 54s. 

Holotype and paratypes —U.S.N.M. Nos. 98529a-c. 


TONKINELLA Mansuy, 1916 
TONKINELLA IDAHOENSIS, n. sp. 
Plate 2, fig. 10 


Closely associated ‘with Taxioura and Pagetia is a single small 
pygidium, which at present can be referred only to Tonkinella. This 
pygidium is rather convex but flattened on top. Fusion has almost 
eliminated the dorsal furrow and pleural grooves and furrows. All 
are visible as shallow marks on the test. 

Locality 54s. 

Holotype-—U.S.N.M. No. 98530. 
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KOOTENIDAE, new family 
OLENOIDES Meek, 1877 
OLENOIDES MALADENSIS, n. sp. 
Plate to, figs. 27, 28 


Only pygidia have been found. The cranidia are difficult to dis- 
tinguish from Kootenia but none in the collection seem to be large 
enough to warrant consideration as O. maladensis. 

The axis is long and stout, terminating abruptly at the marginal 
furrow. Four axial rings and a terminal segment are clearly defined 
by rather broad furrows. Four pleura are clearly defined, each ending 
in a long, recurved spine. The rear pleuron is flexed back around the 
rear lobe of the axis. The anterior axial rings have blunt spines. 
Surface very granulose. 

Locality 54s. 

Holotype and paratype-—U.S.N.M. Nos. 98531a, b. 


KOOTENIA Walcott, 1888 
KOOTENIA CONVOLUTA, n. sp. 
Plate 10, figs. I-11 


This species is very abundant, and the material includes several 
enrolled examples that are rare in the Cambrian. K. convoluta and 
associated species are about the only species of Kootenia that are 
granulated. However, it will be noted that there is a tendency toward 
lining and scaly structures rather than rounded granules. 

Glabella rectangular, without trace of glabellar furrows. Occipital 
furrow deep, neck ring extended into a short, rapidly tapering spine. 
Anterior pits in the dorsal furrow are deep, which consequently 
narrows the glabella at this point. Glabella extends beyond the anterior 
angles. Anterior furrow increases in depth and turns somewhat back- 
ward beyond the corners of the glabella, thus widening and making 
concave the rim and at the same time leaving a steep escarpment 
behind it, which takes the place of the eye line. Front outline of the 
head curved with the slight recession in the center. Fixigenes and 
eyes about average for the genus. 

Libragenes small and narrow; the thorax has seven segments. 

Pygidium semicircular, axis arched, and divided into three rings 
and a large rear segment by three axial furrows, which are more 
deeply impressed on the sides than in the middle. Pleura well fused 
but with pleural furrows in the anterior portion indicated by short, 
deep depressions. A well-defined flattened rim is delimited by a 
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shallow marginal furrow. The five pairs of marginal spines are flat, 
moderately long and slender, the anterior being the shortest, the 
second somewhat larger, and the remaining three still larger and about 
equal in size. 

The surface of the cranidium is marked by strong striae on the 
frontal rim. On the sloping parts of the cranidium irregular lines 
pass into more or less definite granules, except in the furrows. The 
pygidium is covered with granulations, which tend to become scaly 
on the marginal spines. 

Localities 54s, 59f. 

Holotype and paratypes —U.S.N.M. Nos. 98532a-e. 


KOOTENIA MALADENSIS, n. sp. 
Plate oO, igsi2-05 


Associated with K. convoluta and K. granulosa are several entirely 
smooth specimens of both cranidia and pygidia. Aside from lack of 
granulation the cranidium is much like that of K. granulosa, except 
that the rim in front of the glabella is narrower. Besides the smooth 
test the pygidium is also somewhat flatter as a whole, and the ribs are 
less conspicuous than in the other species. 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 985332, b. 


KOOTENIA GRANULOSA, n. sp. 
Plate 10, figs. 16-20 

This is a small, very beautiful species associated with K. convoluta 
from which it differs in that the glabella is more quadrate in front 
owing to shallower dorsal pits. The frontal portion of the rim is 
slightly wider. K. granulosa is particularly characterized by the 
rounded granules, which do not tend to form ridges. 

The pygidium referred to K. granulosa differs from that of K. 
convoluta in having slightly deeper pleural furrows, less fusion of 
the segments, less rapidly tapering marginal spines. It also has the 
characteristic granulose surface. 

Locality 54s. 

Holotype and paratypes —U.S.N.M. Nos. 98534a-e. 


KOOTENIA NITIDA, n. sp. 
Plate 10, fig. 21 
This species is founded on a single cranidium and is closely allied 
to K. granulosa. K. mtida differs chiefly in its narrower glabella with 
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somewhat stronger glabellar furrows. Likewise the dorsal furrows 
are deeper, particularly toward the front, which causes the rim to be 
more sharply upturned near the anterior angles. 

Locality 54s. 

Holotype —U.S.N.M. No. 98535. 


KOOTENIA LIBERTYENSIS, n. sp. 
Plate 9, figs. 7-9 


This species is represented by fragmentary material and is associ- 
ated with Clavaspidella excavata. The cranidium assigned to it is 
somewhat doubtful, as it lies next to a fragment of K. venusta and 
may be representative of that species rather than of K. libertyensis. 
The cranidium is selected because of its surface markings and smaller 
size. The cranidium is characterized by a glabella, which is rounded 
in front, a large upright occipital spine, and a narrow striated rim. 
The anterior outline is considerably curved due to the rearward posi- 
tion of the anterior angles. The pygidium has six marginal spines. It 
is well fused, with the axis clearly defined and with the pleural grooves 
faintly visible. The marginal furrow is wide and prominent because 
of the change in slope. The spines are rather long and slender. The 
higher parts of the surface are marked by irregular elongate 
granulations. 

Locality 59c. 

Holotype and paratypes —U.S.N.M. mee aaeaee eC 


KOOTENIA VENUSTA, n. sp. 
Plate 0, figs. Io, II 


This species, associated with K. libertyensis, is represented by 
fragmentary material. Only incomplete cranidia have been assigned 
to the species, one of which is illustrated. Compared to K. libertyensis, 
this cranidium has a long straight anterior margin. The glabella is 
relatively wider and also flatter. The pygidium is characterized by 
seven marginal spines, the rear pair of which are very small and close 
to the median point. The other spines are long and slender. Fusion 
has not completely eliminated the pleural grooves. Five axial rings 
and terminal segments are well defined in the convex axis. The 
anterior ring has a peculiar fold, possibly to be interpreted as an 
incipient spine. Surface smooth, except on the marginal spines where 
the usual scaly structure is developed. 

Locality 59c. 

Holotype and paratype-—U.S.N.M. Nos. 98537, b. 
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KOOTENIA MENDOSA, n. sp. 
Plate 9, figs, 14-18 


This is a fairly common species, being represented by several 
cranidia and pygidia, none of which is very well preserved. As shown 
by the illustrations it is associated with Wimanella maladensis and 
with Clavaspidella wasatchensis. 

The cranidium is characterized by a large prominent glabella which 
extends well forward beyond the anterior angles. It tapers somewhat 
forward. Pits at the anterior angles of the dorsal furrow strongly 
restrict the glabella at that point. Viewed from the front the cranidium 
is very convex with the glabella sharply curved. In that view the 
constriction in the forward end of the glabella is particularly notice- 
able. The pygidium is peculiar in several respects. The axis is long 
and of normal width, with the usual segments. The pleural lobes are 
well fused, although the pleural grooves are still visible. The border 
is of normal width. The outstanding peculiarity is the reduction of 
the marginal spines to short spines on the first and second segments 
and back of that to a slight waviness in the margin, becoming a 
smooth even outline in the rear. 

Locality 20x. 

Holotype and paratypes —U.S.N.M. Nos. 98538a-c. 


KOOTENIA GERMANA, n. sp. 
Plate 9, figs. 19-24 


This is a small species associated with K. mendosa. The glabella is 
of normal size and composition, being rather highly arched in both 
directions. The pygidium has six small, tapering marginal spines. 

Locality 20x. 


Holotype and paratype —U.S.N.M. Nos. 98539a-d. 





KOOTENIA ACICULARIS, n. sp. 
Plate 10, figs. 24-26 


One pygidium among the many Kootenia species at Two Mile 
Canyon has sharp spines. A very small cranidium, which also does 
not seem to belong with any other species is tentatively assigned to 
the species. The pygidium is characterized by the usual long cylin- 
drical axis. Fusion has been nearly sufficient to eliminate the pleural 
grooves. A distinctive feature of the species is the extension of the 
pleural furrows across the border. There are six pairs of very slender 
marginal spines. The surface is smooth. 
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The small cranidium, which is illustrated, has a forward expanding 
glabella but 1s otherwise normal. 
Locality 54s. 
Holotype and paratype —U.S.N.M. Nos. 98540<, b. 


KOOTENIA BEARENSIS, n. sp. 
Platesnoy tress 2223 


This species is founded on the pygidium. It has five spines, for 
which reason it resembles K. convoluta. It differs from that species 
because of its nearly smooth test. The marginal spines are long and 
the third pair is quite large. 

Locality 19x. 

Holotype —U.S.N.M. No. 98541. 


KOOTENIA PECTENOIDES, n. sp. 
Platero nies ies as 


The species is known only from the pygidium. It belongs to the 
K. serrata group. Fusion is carried to the extreme, so that the pleural 
grooves are eliminated and the pleural furrows shallow. The five 
marginal spines are blunt but terminate in sharp points. 

Locality 55q. 

Holotype —U.S.N.M. No. 98542. 


KOOTENIA BREVISPINA, n. sp. 
Plate 11, figs. 1-4 


This is a large species represented by four pygidia. An incomplete 
cranidium has been placed with these pygidia, but it is too imperfectly 
preserved to illustrate. 

The pygidium is characterized by a wide stout axis and great con- 
vexity. Only a few segments are visible on the axis and pleural lobes. 
The pleural grooves are completely eliminated, and the pleural furrows 
are shallow but broad, terminating in the broad shallow marginal 
furrow. There are six short marginal spines, which give the pygidium 
a serrate edge. Fine granulations occur in the elevated portions, and 
as usual the marginal spines are scaly. 

Owing to the blunt marginal spines this species resembles K. 
pectenoides. 

Locality 54s. 

Holotype and paratype. 





U.S.N.M. Nos. 985438, b. 
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ALOKISTOCARIDAE, new family 
ALOKISTOCARE Lorenz, 1906 
ALOKISTOCARE EUCHARE, n. sp. 
Plate 2) figs. 11, 12 


A single cranidium, in contrast with the great development in the 
superjacent Spence shale represents the genus in the Ptarmigania 
beds. It is typical in its proportions and relief. The glabella tapers 
to a rounded front, which is separated from a medially swollen pregla- 
bellar area by a deepened anterior dorsal furrow. The surface of 
the glabella is not so well preserved, but the shallow furrows seem to 
be rather wide. The glabella occupies about half the cranidial length. 
At the eyes, which are rather small and situated behind the cranidial 
midpoint, the fixigenes are about as wide as the glabella. The eye 
lines are strong, arising near the anterior glabellar angles. The brim 
is wide and generally concave, with the middle portion of the pre- 
glabellar area considerably swollen. The outer third is upturned as 
a flat rim. Back of the anterior furrow thus formed, a ridge crosses 
the brim parallel to the anterior margin. Brim vertically striated. 

Locality 54s. 

Holotype —U.S.N.M. No. 98544. 


ALOKISTOCARE EUZONA, n. sp. 
Plate 12, figs. 4, 5 


A single cranidium represents this species, which seems to be 
typical in its development. The glabella tapers forward at about the 
average rate and several pairs of glabellar furrows are faintly indi- 
cated by indentations near the dorsal furrow. The glabella is arched 
above the dorsal furrow with moderate convexity. The glabella, 
exclusive of the occipital ring, occupies about half the cranidial length. 
The fixigenes are just about half the glabellar width and rise con- 
siderably from the dorsal furrow. As usual the brim is wide and long, 
because the anterior facial suture diverges. Next to the anterior dorsal 
furrow the preglabellar area rises rather abruptly and then is gently 
concave to the front margin. Because the anterior angles are de- 
pressed, the slope of the preglabellar area becomes much steeper 
toward the anterior angles. Eye lines present. Eyes of moderate size, 
situated behind the midpoint of the glabella. No brim developed but 
the doublure shows as the usual impression on the brim. Brim 
vertically marked by anastomosing lines. 

A. euzona is closely allied to A. euchare from Two Mile Canyon. 

Locality 50f. 

Holotype —U.S.N.M. No. 98545. 
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ALOKISTOCARE GLOBATUM, 2. sp. 
Plate 12, figs. 10, II 


Only the one cranidium has been found, and it is not fully typical 
of the genus. The glabella tapers and is fully two-thirds the length of 
the cranidium. It lacks glabellar furrows, although faint irregularities 
occur along the dorsal furrow. The wide, shallow, occipital furrow 
is nearly interrupted by the slight keel that extends into the occipital 
ring. The latter has a small node. The dorsal furrow is wide and 
shallow but clearly defined to a point anterior to the eyes. From that 
point forward there is a rather unique spreading and coalescence of 
the glabella into the preglabellar area. The dorsal furrow is traceable 
entirely around the front of the glabella but is irregular. In other 
words the anterior part of the glabella fans out and joins the brim in 
an irregular manner. This feature is rare in ordinary trilobites but is 
found in such forms as Bailiella and Harpes. The libragenes are 
convex, rising abruptly from the dorsal furrow and then sloping down 
with little curvature at a considerable angle from the eye. The eye 
is situated well below the level of the dorsal furrow. The eyes are 
small and occupy about the midpoint of the cranidium. Anterior to 
the eyes the facial suture diverges slightly. The brim is wide and 
consists of a wide preglabellar area, which slopes downward, and a 
narrow rim, which rises to a horizontal position. The preglabellar 
area is covered by vertical and anastomosing lines, but the rest of the 
test appears to be smooth. 

Locality 55p. 

Holotype —U.S.N.M. No. 98546. 


ALOKISTOCARELLA Resser, 1938 
ALOKISTOCARELLA OCCIDENS, n. sp. 
Plate 2, figs. 13, 14 


Two cranidia represent Alokistocarella. The species is character- 
ized by a rather large subconical glabella, truncated in front. Includ- 
ing the occipital ring it is about two-thirds the cranidial length. Three 
pairs of glabellar furrows show faintly. The fixigenes opposite the 
eyes are about half the width of the glabella at the same point. The 
brim is wide, concave, and is turned up rather abruptly but lacks a 
rim. The brim is faintly striated vertically and the surface of the 
holotype is punctate. 

Locality 54s. 

Holotype —U.S.N.M. No. 98547. 
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ALOKISTOCARELLA BRIGHAMENSIS, n. sp. 
Plate 13, figs. 17, 18 


Several nearly complete specimens are in hand. Unfortunately 
none of them preserve the pygidium. The cranidium is simple in 
construction, with a tapering glabella, rounded in front. Glabellar 
furrows are not shown. Brim concave, with a rim delimited in proper 
light more by means of change of slope than by an anterior furrow. 
Fixigenes are simple, averaging about two-thirds the glabellar width. 
Eye lines present. Eyes small, situated somewhat behind the middle 
of the cranidium. . 

The holotype retains about 16 thoracic segments, which is likely 
close to the total. 

Localities 55e, 20x. 

Holotype and paratype —U.S.N.M. Nos. 98549, 98548. 


KOCHINA Resser, 1935 
KOCHINA VENUSTA, n. sp. 
Plate 6, figs. 9, Io 


This species is based on a cranidium that seems to be fully typical 
of Kochina. The glabella tapers and attains a length of a little more 
than half the cranidium. Three pairs of furrows are visible, and the 
occipital ring bears a small node. In cross section the cranidium is 
rather flat across the palpebral lobes but becomes quite convex in 
front. Longitudinally there is little curvature except in the brim. The 
fixigenes average about three-fourths the glabellar width. Eye lines 
present. Eyes of normal size, situated just behind the midpoint of the 
glabella. Brim wide, with a wide rim that expands in the middle. 
Surface finely granulose, overlain by scattered larger granules on the 
glabella and fixigenes, and by vertical lines on the preglabellar area. 

Locality 54s. 

Holotype —U.S.N.M. No. 98550. 


KOCHINA VESTITA, n. sp. 
Plate 12, figs. 7, 8 


This beautiful cranidium is unique. The glabella has the usual 
shape and proportions and three pairs of shallow furrows are trace- 
able. The occipital furrow is deep and wide and expands forward 
in the middle nearly to the backward-directed first pair of glabellar 
furrows. The occipital ring bears a small tubercle. The fixigenes are 
about three-fourths as wide as the glabella at the forward end of the 
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eye and are gently convex horizontally. Longitudinally they are 
rather convex to match the curvature of the whole cranidium. Eye 
lines prominent. Eyes small. The brim is of normal width. The 
preglabellar area is slightly wider than the rim. The rim is wide and 
thick in the middle, narrowing gradually toward the anterior angles. 
However, as the anterior angles are approached the narrowing is 
much more abrupt, giving rise to a rather peculiar depression in the 
anterior furrow. The surface, except the bottoms of the furrows, is 
covered by two sets of granules. A small set somewhat uneven in size 
_is numerous and is overlain by a series of larger granules scattered 
irregularly over the entire cranidium. In addition, the preglabellar 
area has vertical anastomosing lines. 

Locality 54s. 

Holotype —U.S.N.M. No. 98551. 


KOCHINA WASATCHENSIS, n. sp. 
Plate 12, figs. 12-14 


This species is represented by a number of cranidia none of which 
are altogether complete. The glabella has the usual shape and size 
and is slightly keeled. The fixigenes are wide at the forward end of 
the eye, equaling the full width of the glabella at that point. Eye 
lines are clearly defined. Eyes small and situated well behind the 
midpoint of the cranidium. In cross section the fixigenes are gently 
convex except at the anterior angles, which are considerably depressed. 
Longitudinally the curvature is also slight. The brim is wide and 
concave and has the usual rim, which is much more thickened on 
some specimens than on others, a feature due to the degree of impres- 
sion of the doublure. ‘Surface nearly smooth except for vertical 
anastomosing lines on the preglabellar area. 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 98552a, b. 


KOCHINA? ELONGATA, n. sp. 
Plate 12, figs. 15, 16 


A single cranidium in the oolitic rock from the Brigham locality 
lies next to a specimen of Wimanella maladensis. 

The cranidium is not fully typical of Kochina because of its 
narrowness and the proportionately great width of the glabella. In 
some respects it appears to be closer to Inglefieldia. However, the 
brim structure and eye size and position refer it to the genus rather 
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than to any other. The glabella is not very well differentiated in 
front; in fact, viewed in cross light it merges completely with the 
preglabellar area. By the light in a longitudinal direction a shallow 
dorsal furrow may be seen. The eyes are situated far back, almost 
touching the occipital furrow. The brim is wide and gently concave 
and has a wide rim faintly indicated chiefly by a change of curvature. 
This brim contracts only slightly toward the anterior angles, a feature 
that makes the generic reference doubtful. The surface appears to 
be smooth. 

Locality 20x. 

Holotype —U.S.N.M. No. 98553. 


KOCHINA? LIBERTYENSIS, n. sp. 
Plate 12, fig. 6 


A single cranidium in reddish-brown shale represents this species. 
It is closely associated with a large specimen of Hyolithes and frag- 
ments of other trilobites. It may not belong to the Ptarmigania fauna 
but is included because it occurs with material that evidently does 
belong to the fauna. 

This is a narrow form with a rather strongly tapering glabella, 
which occupies over two-thirds of the cranidial length. The occipital 
furrow is clearly’ impressed, but glabellar furrows are lacking, and 
there is a slight keel. The brim is simple, swollen in the middle, and 
depressed at the anterior angles. The anterior furrow swings back 
from the anterior angles to the anterior dorsal furrow; consequently 
the rim widens in the middle to occupy the entire brim width. The 
eyes are of moderate size and situated about the midpoint of the 
cranidium. They are elevated as the fixigenes rise rather abruptly 
from the dorsal furrow and the eye lobes themselves are prominent. 
The fixigenes at the eyes have about half the glabellar width. 

Locality 59f. 

Holotype —U.S.N.M. No. 98554. 


INGLEFIELDIA Poulsen, 1927 
INGLEFIELDIA IDAHOENSIS, n. sp. 
Plate 12, fig. 9 

Inglefieldia is distinguished from Kochiella only by its relative 
narrowness. For this reason this species is put into Inglefieldia. Its 
features are much like the species of Kochiella here described except 
that the width across the cranidium at the anterior end of the eye is 
much reduced by contraction of the fixigenes. 
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I. idahoensis is based on a single small cranidium. The glabella 
tapers to a truncated front. Weak glabellar furrows extend directly 
across the glabella. The fixigenes are nearly the same width through- 
out, equaling about two-thirds the greatest glabellar width. The eyes 
are fairly large, situated somewhat behind the midpoint of the glabella. 
Eye lines weak. Brim wide, with thickened rim slightly wider than 
preglabellar area. Facial suture does not diverge much anterior to 
the eye. 

Locality 59f. 

Holotype—U.S.N.M. No. 98555. 


KOCHIELLA Poulsen, *1927 
KOCHIELLA ARENOSA, n. sp. 
Plate 11, figs. 5-9 


This species is evidently fairly abundant, but because it occurs in 
quartzite only fragments can be obtained. A nearly complete but 
badly weathered cranidium is in hand. The fragments illustrated are 
better preserved and show essential features, Libragenes are fairly 
common, and one pygidium definitely places the species in its genus. 

The glabella is little more than half the length.of the head and 
tapers forward. At its anterior end the dorsal furrow is not clearly 
impressed, so that the glabella joins the brim, and to do so the anterior 
angles of the glabella flair somewhat. Brim wide, first convex and 
then concave. Anterior margin is nearly straight and slightly indented 
in the middle. The fixigenes at their narrowest point are about as 
wide as the glabella. The eyes evidently are rather small, situated 
about the midpoint of the cranidium. Three pairs of glabellar furrows 
are indicated by fairly sharp depressions, next to the dorsal furrow. 
Eye lines present. The libragene is of normal form, very simple with 
a broad concave margin which extends into a long genal spine. The 
pygidium is of normal composition with a broad axis on which two 
rings may be seen. The dorsal furrow is shallow and two pleura are 
differentiated on the lobes. The axis does not stand above the pleural 
lobes very much, but the lobes are highly convex. The pleural lobes 
have a wide flairing border, at the rear of which is a deep notch. The 
pleural lobes are very convex and the pygidium slopes rapidly down- 
ward from the rear of the axis. 

Locality 59c. 

Holotype and paratypes—U.S.N.M. Nos. 98556a-d. 
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KOCHIELLA MANSFIELDI, n. sp. 
Plate 11, figs. 10-14 


This species is abundant in the small amount of material collected 
from this locality. It is associated with Dolichometopsis and Poulsenia, 
as well as other genera. 

The glabella is little more than half the length of the cranidium 
and tapers considerably to a slightly rounded front. The dorsal 
furrow is definitely defined on the sides but becomes rather shallow 
in front of the glabella. Three pairs of shallow glabellar furrows 
may be noted. The fixigenes at the anterior end of the eye are nearly 
as wide as the glabella at that point, and they expand from the rear 
end of the eye forward owing both to the contraction of the glabella 
and to the slight divergence of the anterior facial suture. The eyes 
are of moderate size and situated rather far to the rear. Eye line 
prominent. Brim wide, nearly straight in front. On the whole it is 
concave, and when the doublure is impressed to show on the upper 
surface a wide brim is indicated. The associated pygidium is nearly 
quadrangular in outline with rounded anterior angles and slightly 
contracted lateral margins. The anterior half of the first segment 
forms a raised rim extending from the axis around the circular 
anterior angles and then backward into spines, which possibly are 
_ long. The axis is broad and has three axial rings, besides the terminal 
segment. It is only gently arched above the pleural lobes. The pleural 
lobes are nearly flat but slope down to the margin, and on them three 
pleura are delimited by the pleural furrows. Surface of cranidium 
covered by scattered large granules, overlying a small crowded set. 
In the pygidium only the small granulations are present, but irregular 
lines occur on the outer edges. 

Locality 19s. 

Holotype and paratypes—U.S.N.M. Nos. 98557a-d. 


KOCHASPIS Resser, 1935 
KOCHASPIS MALADENSIS, n. sp. 
Plate 13, figs. 9-12 

Three pygidia, but no cranidium, were found at this locality. These 
pygidia constitute a typically developed species of Kochaspis. It is 
possible that the cranidium is confused with the abundantly repre- 
sented Poulsenia granulosa. 

The pygidium is characterized by a prominent axis, which stands 
entirely above the pleural platforms. The axis is nearly semicircular 
in cross section and occupies nearly the full length of the pygidium, 
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terminating very abruptly in the rear. The pleural platforms are 
moderately convex, dropping off to the flattened border, which has 
a horizontal position. Both the pleural furrows and grooves remain, 
but the most conspicuous feature is the elevated rib formed by the 
anterior half of each pleuron. The border extends into long, stout, 
flat spines at the posterior angles. 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 98558a, b. 


KOCHASPIS DISPAR, n. sp. 
Plate 13, figs. I-4, 13-15 


At first these cranidia and pygidia were regarded as separate 
species, but it was decided to refer the cranidia to the species based 
on the pygidium. Since examples of Dolichometopsis occur on small 
pieces of rock with this species, it no doubt is a member of the 
Ptarmigania fauna. 

The glabella is stout and tapers considerably to a rounded front. 
The dorsal furrow is deep. Three pairs of recurved glabellar furrows 
appear strongly in proper light. A slight keel is apparent on some 
specimens. The fixigenes are convex rising from the dorsal furrow 
and then curving down slightly to the eyes, which are rather promi- 
nent. The rim is almost equally divided between the slightly convex 
preglabellar area and the thickened rim. Longitudinally the cranidium 
is convex, with the greatest curvature in the fear and the whole for- 
ward half of the head sloping down rather sharply but without much 
curvature. Eye lines heavy. Surface slightly granulose ; brim verti- 
cally striated with faint irregular lines. 

The pygidium is much like that of Vanuxemella, except that it is 
larger and that fusion has not completely eliminated the pleural 
markings. 

The axis is stout and stands above the pleural platforms. Three 
axial furrows and the terminal segment are clearly defined. The axis 
has very steep slopes at the sides but the curvature is somewhat 
flattened on top. It terminates abruptly, but there is a slope to the 
rear margin. Fusion has reduced the pleural grooves to very shallow 
furrows, but the pleural furrows are more clearly defined. As in 
K. maladensis the anterior rib of each pleuron is elevated. The tail 
is wide, and hence the slightly thickened rim extends into spines 
which are set wide apart, more in the manner of Vanusxemella than 
of Kochaspis. These spines are short. 

Locality 59e.: 

Holotype and paratypes—U.S.N.M. Nos. 98559a-d. 
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Family Undetermined 
POULSENIA Resser, 1936 
POULSENIA GRANOSA, n. sp. 
Plate 13, figs. 19-30 


This is a very prolific species, represented by many cranidia, a 
number of pygidia, and one complete specimen that permits unques- 
tioned assignment of the pygidium. 

The glabella tapers considerably to a rounded front and is strongly 
marked by three pairs of recurved glabellar furrows. The dorsal 
furrow is deep, in front joining the equally deep anterior furrow. 
The fixigenes are rather convex, sharply bent down to the eyes, and 
crossed by strong eye lines. Longitudinally they also are curved to 
meet the sharply depressed anterior angles and posterolateral limbs. 
Brim consists of a narrow preglabellar area, which is almost entirely 
occupied by the anterior furrow in the middle and a wider rim. The 
rim is thickened, and in the middle it expands backward. 

The thorax apparently has 23 simple segments. 

The pygidium is short and very wide, and when unexfoliated it is 
nearly smooth. A wide tapering axis extends nearly to the rear 
margin. When exfoliated it shows three axial rings, the terminal 
segment, and about three pleura. On the test only one ring and one 
pleuron usually are defined. 

Surface, except on pygidium, very granulose. 

Locality 54s. 

Holotype and paratypes —U.S.N.M. Nos. 98560a-g. 


POULSENIA OCCIDENS, n. sp. 
Plate 2, fig. 15 


A single small cranidium differs from P. granosa in having a 
smooth test. It is nearly completely exfoliated, this feature causing 
the dorsal and glabellar furrows to be deeper than they would appear 
on the outer surface. The glabella is rather slender, tapering forward 
and rounded in front. There are three pairs of deep glabellar furrows. 
The fixigenes average wider than the glabella and are also convex in 
cross section. The brim width is about one-third the length of the 
glabella plus occipital ring. A deep anterior furrow clearly defines 
a thickened rim which is wider than the preglabellar area. 

Locality 54s. 

Holotype —U.S.N.M. No. 9856. 
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POULSENIA BEARENSIS, n. sp. 
Plate 13, figs. 5-8 

Possibly this cranidium should have been referred to Kochaspis. 
Abundance of granulation, however, and the relief created by deep 
furrows weigh more heavily in favor of Poulsenia. None of the 
specimens is perfect, but the major features are well shown. 

The rather long glabella-tapers to a rounded front. Dorsal furrow 
deep. Three pairs of recurved glabellar furrows are deeply impressed. 
Brim divided into a slightly convex preglabellar area and a somewhat 
narrower thickened rim. Longitudinally the head is very convex. 
The fixigenes, which average nearly as wide as the glabella, rise from 
the dorsal furrow and then flatten out to the prominent eye. Eye lines 
heavy. Surface very granulose, with added vertical striations on 
preglabellar area. 

Locality 19s. 

Holotype and paratype-—U.S.N.M. Nos. 98562a, b.. 


EHMANIELLA Resser, 1937 
EHMANIELLA MALADENSIS, n. sp. 
Plate 12, figs. 17-23 

The cranidia here described are not easily distinguished from the 
several associated species of Kochina. Ehmaniella seems the best 
generic reference for the species. 

The slightly tapered glabella is rather slender and has a nearly 
circular outline in front. Three pairs of glabellar furrows are visible 
in proper light, and some specimens show a keel. The glabella does 
not rise much above the dorsal furrow. Longitudinally the glabella 
has little convexity except in the front lobe. The fixigenes are wider 
than the glabella and only gently convex. Posterolateral limbs are 
stout. The brim consists of a large preglabellar area and a thickened 
rim. There is a tendency to form a boss in the preglabellar area. 
Some exfoliated specimens show scattered granules. Both the speci- 
mens with and without the test have the preglabellar area and the 
fixigenes anterior to the eye lines strongly marked with vertical 
anastomosing lines. 

Locality 54s. 

Holotype and paratypes ——U.S.N.M. Nos. 98563a-e. 


PACHYASPIS, n. gen. 


A very common species represents the median trilobite form in the 
collections from Two Mile Canyon. Comparison with described 
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genera representing this sort of trilobite shows that here is another 
genus that formerly would simply have been called Ptychoparia. It 
resembles several genera, such as Elrathia, Ehmaniella, Clappaspis, 
and many others. Its primary distinguishing feature, so far as general 
appearance goes, is its plumpness, brought about by convexity in both 
directions. When flattened down by photography, Pachyaspis appears 
most like Ehmaniella, with which I do not think it is related. 

The glabella tapers slowly forward to a rounded front outline. The 
dorsal furrow is clearly defined, but not deep. In side light the glabella 
appears nearly smooth except for a slight keel, but in sharp longi- 
tudinal light four pairs of furrows become visible. The rear pair is 
recurved and very wide and seems to branch. The remaining pairs 
run about straight across the glabella. A slightly irregular occipital 
furrow, which is stronger than the dorsal furrow, separates a ring 
of nearly equal width throughout. This ring carries a small 
nuchal spine. 

The brim consists of a slightly convex preglabellar area, which 
slopes down from the dorsal furrow. A clear but shallow anterior 
furrow separates a nearly flat, slightly upturned rim, which is a little 
more than half as wide as the preglabellar area. 

The fixigenes average about half the glabellar width. They are 
convex to almost thé same degree as the glabella. Forward of the 
eye the fixigene widens by the slight divergence of the facial suture. 
Behind the eye normal posterolateral limbs are formed. 

The eyes are small. They are situated at about the midpoint of the 
cranidium. Eye lines of ordinary strength extend back to the eyes 
beginning near the anterior end of the glabella. 

In spite of the abundance of specimens the libragene has not been 
determined. Neither is the pygidium known. No doubt it is small 
and inconspicuous and therefore may be confused with something else. 

Name.—rdaxvs= plump ; doris = shield. 

Genotype.—P. typicalis, new species. 


PACHYASPIS TYPICALIS, n. sp. 
Plate 11, figs. 15-20; plate 12, figs. 1-3 
The generic diagnosis and illustrations adequately present specific 
characteristics. 


Locality 54s. 
Holotype and paratypes——U.S.N.M. Nos. 98564a-f. 
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TAXIOURA, n. gen. 


A’ very abundant trilobite with a large tail forms a conspicuous 
element of the fauna. Its description has been delayed by its reference 
to Ogygopsis. 

The cranidium is characterized by clear definitions of the usual 
parts, all, however, developed on a simple pattern. The glabella is 
large, rectangular in shape except for rounding at the anterior corner, 
and occupying nearly the full length of the cranidium. Glabellar 
furrows are very faint. Brim narrow, concave, and without a rim, 
except as differentiated by an upturning of the outer margin. Eye 
lines conspicuous. Fixigenes roughly the same width throughout 
from the anterior angle to the rear end of the eye. Posterolateral 
limbs of normal size and shape. Eyes of moderate size and situated 
about the midpoint of the cranidium. Libragene of normal composi- 
tion, evidently sloping down rather sharply from the eye lobe and 
with a well-demarcated border. The moderately long genal spines 
have a peculiar shape. The posterolateral limbs do not reach the genal 
angle but a flange equal to their width is formed as a connection by 
extension from ‘the ocular platform. Surface covered with fine 
anastomosing lines on the ocular platform, changing to striations on 
the border. 
. Pygidium approximately semicircular. Axis narrow and occupying 
the full length of the pygidium, differentiated into about Io rings 
and the terminal segment, which extends into a postaxial ridge. 
Pleural lobes large, well fused. Pleural furrows conspicuous and 
straight. Pleural grooves obsolete. Margin smooth except for a 
small recurved spine at the anterior corner and an indentation at the 
rear of the axis. 


Hypostoma not located. 
Name.—roéis= regularity ; ovpa=tail. 


TAXIOURA TYPICALIS, n. sp. 
Plate 14, figs. 6-14 


This species is very abundant, the separated shields often forming 
almost the entire rock. The glabella is long and simple, tapering 
slightly both forward and rearward and is slightly protuberant in 
front. Glabellar furrows only faintly seen in direct longitudinal 
light. In cross section the glabella rises with a flat curve only 
moderately above the dorsal furrow and in longitudinal section has a 
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moderate even curvature throughout. In other words, the cranidium 
is not highly convex. Brim narrow, consisting of a simple concave 
extension on which a rim is outlined by a slight increase in curvature 
of the brim. Fixigenes average a little less than one-third the width 
of the glabella. Eye ridges heavy. Eyes nearly one-third the length 
of the cranidium and set at a moderate angle to the median line. Neck 
furrow shallow but clearly defined. Neck ring expanded, possibly 
bearing a small nuchal spine. 

The pygidium has the characteristics already given with the generic 
description. The pleural ribs are rounded and fusion has completely 
eliminated the pleural grooves. 

Surface covered by fine anastomosing lines. 

Locality 54s. 

Holotype and paratype —U.S.N.M. Nos. 98565a-g. 


TAXIOURA MAGNA, n. sp. 
Plate 14, figs. I-5 


This species is represented by the nearly complete holotype cra- 
nidium and a number of fragmentary examples. A libragene and a 
single pygidium has been assigned to the species. 

This species is characterized by a very long glabella with nearly 
parallel sides except for constriction anterior to the eye lines. Anterior 
margin rounded. Three pairs of shallow, irregular glabellar furrows 
are clearly indicated. The occipital furrow is fairly deep, particularly 
on the sides, and the occipital ring is expanded, terminating in a small 
blunt spine. Brim very narrow consisting essentially of an upturned 
rim. Fixigenes average nearly half the width of the glabella. Eye 
lines very heavy. Eye less than one-fourth the length of the cranidium 
and set at only a small angle to the course of the dorsal furrow. The 
libragene is marked by a steep slope from the eye to the horizontal, 
slightly thickened border. Genal spine heavy and possibly long. 

A rather large pygidium is assigned to the species. It is like that 
of T. typicalis in shape and relative size as well as in the characteristics 
of the margin. It is particularly characterized by the flatness of the 
upper surface of the ribs and the fact that fusion has not completely 
eliminated the pleural grooves. Surface rather coarsely marked by 
irregular lines and granules. 

Locality 54s. 

Holotype and paratypes ——U.S.N.M. Nos. 98566a-c. 
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EXPLANATION OF PLATES 


All figures are natural size unless otherwise marked. Localities are given 
only when other than 54s. 


PLATE I 


Micromitra ~haydent Walcott. ex soos o5.0 eye cig eters opine oa age Mt = eh ee ee 
1. Ventral valve (Walcott fig. B) (xX 4). 
2. Dorsal valve (Walcott fig. C) (xX 4). 
3. Holotype dorsal valve (Walcott fig. A) (X 5). 
Paterind Wari; MCW. SPOCIES ye sioctee 6 slare we or siale lous ier wats alle aim, slepelpietagnlersolele teks alae 20 
4. Dorsal valve (X 4). 
5. Ventral valve (Walcott fig. 2a) (X 6). 
6. Smaller dorsal valve (X 3). ~ 
7. Ventral valve (X 5). 
Iphidella. maladensis.o Walcott, 6/56; s' <.< <2) im, slajai1 aie eis ole jy + asia ieee 20 
8. Ventral valve (Walcott fig. 2) (X 4). 
9. Lectotype dorsal valve (Walcott fig. 2e) (X 3). 
10. Another dorsal valve (Walcott fig. 2d) (x5). 
Acrotretausuleatae Wial Cottman sme ceia cee oe ei erie eee nelle rales 21 
11. Exterior ventral valve (xX 9). 
12. Dorsal valve (X 6). 
13. Ventral valve (X 6). 
14. Holotype ventral valve (Walcott fig. 5) (<9). 
Acrotreta €ucharis, Mew, SPECIES. - rice -yavers <1 ein) os)-inl ester eda «= ele) ore Jeklice=eeeel= 22 
15. Dorsal valve (X 7). 
16. Dorsal valve (x 5). 
17. Exterior ventral valve (X 6). 
18. Ventral valve (X 8). 
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VACBORNGIEMONLENUUSINVIALCOULs wi. oe cms ticle ais Shue cision cle ooaiciie a ieiqeleiercmnenae i evetee 21 
19. Exterior dorsal valve (X 2.5). 
20. Ventral valve (X 3). 
21. Dorsal valve (X 2). 
22. Holotype dorsal valve (Walcott fig. 54) (xX 2). 
PAC HOLN CIC PATUIS, MEW, SPECIES: 4-< s$ jis:s|ece ore Soisee + ae ely ood sep atite dere Ows 21 
23. Exterior of ventral valve (xX 3). 
24. Interior of ventral valve (Walcott fig. 3e) (x 3). 
25. Dorsal valve (Walcott fig. Ig) (xX 3). 
PMEROLL URANO: NV ALCOtL =< ie,4 05.o8 ia .e ab dee doe uate slo's SoS ho REE ee P aI erro ale 22 
26. Holotype ventral valve (Walcott fig. 4) (x 6). 
27. Ventral valve (Walcott text fig. 50) (x5). 
28. Interior ventral valve (Walcott fig. 4a) (X 6). 
29. Ventral valve (Walcott fig. 4b) (xX 7). 
Evaoulellamencarisy IWeSSEt sy: 3.1 s-yjarisieey: “aisles ott sel tblsm Ae ersieite weer: 22 
30. Dorsal valve (X 5). 
31. Ventral valve (xX 5). 
32. Dorsal valve (X 5). 
VON aa mnGladensiS, NEW SPECIES. o/c... v0 sae oe cots veimee + viene eames 23 
33, 34. Ventral valves (X 1.5). 
35,30, Dorsal valyes’ (<-1.5)- 
37. Ventral valve (X 3). 
PHAUGTONLEL MCI LONATIEN Vn SPECIES jcisctee yo cieva cele 4 dike a seretele ena akin caterer 23 
38-40. Specimens in various attitudes (xX 2.5). 
41. Another example with Dolichometopsis natalis (X 2.5). 
igheonellia: DATHGL, TOW Suaslesoo egos neopooobeoSecd6occcs0sccs0nannKe or 24 
42-44. Several examples (X 3). 
Locality 50f, 5 miles southwest of Liberty, Bear River Range, Idaho. 
Efelcionella aequa, New SPECIES... 6... 2. cee eee ees event penne nee 24 
45-47. Three views of holotype (X 2.5). 


PAA ESI HODGES) TIGW SPECIES 4. 'o -/o%-)6 <6 0)<1 2 \c 0, 01s oxo sje ape) e vigyn oyu ioholslese inte fema, 24 
I, 2. Two examples showing flat side (X 1.5). 
3. Cross section near apical end (X 1.5). 
A UCMPMIIG AME MSUSH MEWaSDECIES airetnier lors or eels ois © oreo e elehsrare wise seperate ers 25 
4. Pygidium, impression of cranidium, and examples of Acrotreta 
sulcata (X 5). 
5, right. Holotype cranidium and pygidium (x 5). 
OEEMT SIGH TEMA A LCOEL ot a )5'2's sates) oie cise sale 0.0, » 6\0ia nip ‘le’ mpale ® 0 olei8 wtelsiciena iain HIS 25 
5, top and left. Cranidia of P. clytia (<5). Note in partial cranidium 
below left center occipital spine and curvature of fixigenes to 
the eye. 
6. Pygidium of usual appearance (X 5). 
7. Cranidium with occipital spine (X 5). 
8. Pygidium in matrix to show axial spine (x 5). 
Bathyuriscus politus, new SPCCi€S...... 0... eee cee eee eee eee ee teens 30 
9. Holotype pygidium (X 5). 
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Tonkinellandahocnsiss new, speGles-euniaee tise eee eee eee eee 
10. Holotype pygidium ( 4). 

Aloktstocareé’ euch@re, Mew: SPeCIeS ras. <.o:i/:0ie0-0, ocho soe een ee eee 
I1, 12. Holotype cranidium (X 1.5). 

Aloksstocarella occidens, Tew 'SpecieS.|..i0.c4 07 Soe oe ee 
13, 14. Holotype cranidium (X 2). 

Poulsenia occidens, New..SpecieS. oso 6«c2 aes h ade ee ale ee ee 
15. Holotype cranidium (X 4). 

Agnostius ‘lautus, New- Species Gis Winans donk Geese ee i ee 
16. Cranidia and pygidium ( 5). 
17, 18. Other pygidia (x 5). 


PLATE 3 


Oryctocephahtessinpicalts, news SpeGleSe mcs aac eer ecto eee 
1. Small cranidium (x 4). 
2. Holotype cranidium (x 5). 
3. A large cranidium (X 5). 
4-6. Pygidia (X 4). 
Oryctocephalus maladensis, new, SPECieS 2 ease ecient eee 
7. Only fragment of pygidium discovered (X 1.5). 
8. Well-preserved holotype cranidium (X 4). 
9g. Large cranidium (x 4). 
Prosacanthoides alatus, new Species a aeeeie denier iae cee eee eee 
10. Holotype cranidium (x 2.5). 
11. Large pygidium (XX 4). 
12. Small pygidium (X 5). 
Prozacanthoides Jlibertyensts, new.eSpeGies ..02c12 os «side Hea sles eee eee 
13. Cranidium doubtfully referred to the species (x 3). 
14. Cranidium (X 2.5). 
15. Squeeze of holotype pygidium (X 2.5). 
Prozacanthoides @ecorosus. News SPeCles..c5 ane eee cee reeentne 
16. Holotype cranidium (X 2). 
17. Pygidium (X 2). 
18. Hypostoma and cranidium (x 2). 
Prozacanthoides extlis, new SpecieS............%..¢ Cities Bol eates Eee 
19. Pygidium (X 2). 
20. Holotype cranidium (X 3). 
Prozacanthoides, dequusnew uSPpecieSane eae eee eee eee 
21. Holotype cranidium (X 2). 
22. Cranidium (X 2.5). 
23. Pygidium (X 4). 
Prozacanthowdes optatus, Mew VSPpecieS 4... 222 3s. 5 pan one tn ee 
24. Impression of holotype showing intragenal spine (X 3). 
25, 26. Holotype cephalon with thoracic segments (X 3). 
27. Cranidium (x 4). 
28. Cranidium (x 2.5). 
29. Pygidium (X 4). 
30. Cranidium and hypostoma (X 3). 


a ee. 
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IDO CHOMCLOPSISmlepiaa, MEW (SPECIES. « .c10< «12s ois s/ <= site ole © else yee pola a ete 31 
31. Libragene (xX 1.5). 
32, 33. Holotype cranidium (> 1.5). 

iiarmigania. species undetermined. .....005..0.-500 ces eas vee swe n ces aes 42 
34. Small cranidium (x 6). 

PREMIO GNIGHAUIILG, MEW SPCCIES....05 <.6ccccs aecn scans ene mcle ges ce oo os By, 
35, 36. Holotype cranidium (X 2.5). 

Woliehonvetopsismstellds Mew «SPEGLES « oc)sjs'-)i-raieie ee aie ele clei eves shier-y in tenia 32 
37. Holotype pygidium (1.5). 


OPMAGANIG EXIGUA, IEW SPECIES. oo. on: Soe es eee we see eecreveueudersua 38 
I, 2. Holotype cranidium (X 2). 
3, 4. Cranidium with libragene (X 2). 
5. Small cranidium and pygidium (X 6). 
Ou Cranidium) (>¢2)). 
8, 9. Pygidium (xX 4). 
10. Libragene (X 2). 
Dolichometopsis media, NEW SPECIES... 6...2 0. Fes eal ees cela ene eee 32 
11, 12. Holotype pygidium (X 1.5). 
Piarmigania natalis, new SPECIES... cise cee eee ect e eee e asst eeceoeee 39 
13, 14. Small cranidium (X 3.5). 
15, 16. Holotype cranidium (X 2.5). 
17, 16. Libragenes (xX 3). 
Dolichomeropsis alia, MEW SPECIES... 26. 0... c ec sa eae meee eee ease odes ele 32 
19, 20. Holotype cranidium (x 3). 
21. Cranidium doubtfully referred to species (X 4). 
Dolichometopsts comis, new SPECIES... ..5....0. 00. cece eee e eb eeeneeeetee 33 
22023 byeiditimn | ><ir-5))r 
24. Holotype and incomplete cranidium (X 1.5). 
Piarmigania ornata, NEW SPECIES. ....5. 6. cece cee ete c essen eeesosees 39 
25, 26. Small cranidium (X 3). 
27Cranidiim: (< 2.5) 
28, 29. Libragenes (xX 3). 
30, 31. Holotype cranidium (X 3). 
32. Cranidium, and Kootenia convoluta (X 2.5). 


PLATE 5 


Dolichometopsis poulseni, NEW SPECIES... 66.6. 6c eee eee tener e ete ees 33 
1, 2. Holotype cranidium (X 1.5). 
3, 4. Pygidium (X 1.5). 
5, 6. Thorax and pygidium ( 1.5). 
Locality 59e. 
7, 8. Cranidium (X 1.5). 
9, 10. Pygidium (XX 1.5). 


Il, 12. Pygidium (X 1.5). 
13. Holotype cranidium at left; fragmentary pygidium at lower right; 
other pygidium Kootenia (X 1.5). 
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_ PLATE 6 


Dolhchometopsis gregaltss mew, SpeGieS....-- series saeco neo 34 
1, 2. Holotype cranidium (X 1.5). 
3, 4. Pygidium (X 1.5). 
Locality 50e. 

Dohchometopsrs cormmiuniss new, SpeClesaa-)-ee eerie eeeee errs 35 
5, 6. Holotype cranidium (X 1.5). 
7, 8. Pygidium (xX 1.5). 


Koching ventsta, MEW SPeCleS. 645.002 Sch ooctns Mok Sue eed cane ee 53 
9, 10. Holotype cranidium ( 3). 
Dolichometopsis mansfieldi, new species...... BA oaniacet art raeiitant rocco, c 36 


Tis 2s CranidiamO< 15): 
13, 14. Holotype cranidium. 
15. Hypostoma (X 2). 

16. Cranidium and pygidium. In association are a cranidium and libra- 
gene of Kochiella mansfieldi, Clavaspidella, and Poulsenia. 
Dolichometopsrs: potens, New Speciesy,.cjas<ce.e sss a+ soe es ie lame steel eae 36 

17, 18. Small cranidium (x 2.5). 

19. Holotype cranidium ( 1.5). 

20. Another small cranidium ( 1.5). 

21, 22. Hypostoma. 

23. Partial pygidium, impression of cranidium, and fragment of 
Olenoides pygidium (X 1.5). 


PLATE 7 
Piarmigania agrestis: new Species... sc sss 4> ca's «sews S05 SMe ee ee ee 39 
1, 2. Holotype cranidium ( 1.5). 
Ptarmigania (altilis, new! Species iniioals. e othe ceeee.e Seles eee 40 


3, 4. Holotype cranidium (1.5). 
5. Libragene (X 1.5). 
MolichometopsisnGravisn New. iS PEClESene ae aceiecie iene een eee 30 
6, 7. Holotype cranidium (X 1.5). 
8, 9. Smaller cranidium. 
10) 11, Pyeidiume << 15) 
Pianmigaua sobrimay Tew. SpeCleSn. aoe oe oe a ee Soe een ere 40 
12, 13. Holotype cranidium, pygidium, libragene, and other frag- 
ments (X 1.5). 
14, 15. Pygidium (X 1.5). 
Plarnuganiasgermanay New eSpecles. 6. . at eeone ae eee ee eee 41 
16. Cranidium (x 1.5). 
17, 18. Holotype cranidium (X 1.5). 
19, 20. Pygidium (X 1.5). 


Piarmigama dignata, New, SPeGIES 2) dei ese clea ie eee 4I 
I, 2. Large pygidium (XX 1.5). 
3. Libragene (X 1.5). 
4, 5. Pyesidium C< 15). 
6, 7. Holotype cranidium (X 1.5). 
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PAGE 
GIGSSOPICUACMAENECLAS MEW, SPECIES sons. = 6 06 o.viaciansi es © ee den a celeien ee eee ‘42 
8. Holotype pygidium (1). 
9. Holotype pygidium (x 1.5). 
10. Less complete pygidium. 
Locality 55p. 
Glossopleiunampronds Mew SPECIESmas. .24c4s00 0s) 6s ssceenen cee cctoorenec cee 42 


11, 12. Holotype pygidium (X 1.5). 
13, 14. Cranidium (xX 1.5). 
Locality 55p. 
Glavaspidela wasatchénsis, MEW SPECIES «. <6 .c.55 002 at s oc soe ves vin Se sien oe 43 
15, 16. Pygidium (XX 1.5). 
17, 18. Impressions of pygidia and libragenes (> 1.5). 
19, 20. Holotype cranidium (x 1.5). 
Locality 20x. 


PLATE 9 


Glavaspidellonexcavuara, Mews SPECIES a. cess saaeeeete occ ato 43 
ieee lypostoma (>< 2). 
3, 4. Holotype cranidium (x 2). 
5, 6. Pygidia, cranidium, and Poulsenia cranidium (x 2). 
Locality 59. 
IKGGOLCHIGMILOCKUNCTISIS: Me Ws SPECLES a. cre a else ie. cisis ovis ie oieinie ereiec roebeleie ite aie 48 
7. Cranidium (X 4). 
8. Holotype pygidium (X 2.5). 
9g. Small pygidium (x 4). 
Locality 50c. 
OTOL RIVER UCIIES TOs MEW. SPECIES: 1..sv5 ols o'sere «prayers # doar etn Season @0 sis Sir os eye Aa oats 48 
10. Cranidium (X 2). 
11. Holotype pygidium (X 1.5). 
Locality 59c. 
IMOGLENMIOBPEGLEMOIA ES, MEW ISDECIESaisine eis ciaiciesin « ciel oe eiotaeeieeielc eerie 50 
12, 13. Holotype pygidium ( 1.5). 
Locality 55q. 
IGOOLCHLOMVEHMOSA, ANEW SPECIES), w.cisicldsiociew «1 oe sleleinrs Seis bisle wisteiensiee ea 49 
14. Partial cranidium, compressed in shale (> 1.5). 
15, 16. Holotype pygidium (1.5). 
17, 18. Cranidium, with examples of Wimanella and Clavaspidella 
wasatchensis (X 1.5). 
Locality 20x. 
TO OVEHLORG EN NUANGs ILCWe SPECIES aatote te) clerteres aos ya) «12 vel ops etal ycucveye elm ole) el steieieney-nerayaie 49 
19. Squeeze of cranidium and pygidium ( 1.5). 
20. Holotype pygidium (X 2). 
21. Holotype pygidium (X 1.5). 
22. Hypostoma (X 1.5). 
23, 24. Cranidium (X 1.5). 
Locality 20x. 
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PLaTE 10 


Kootenial convoluta’ lew SpeCieseces eases cee te eee ee ene 46 
1-3. Enrolled holotypes (1.5). 
4-6. Excellent cranidium (X 1.5). 
7, 8. Exfoliated cranidium (XX 1.5). 
9, 10. Exfoliated pygidium (XX 1.5). 
11. Pygidium (X 1.5). 
Kiootentaxmaladenisis, news Speciess eis ae eee eee eee eer 47 
12, 13. Pygidium (xX 2). 
14, 15. Holotype cranidium (X 2.5). 
Mootentangranulosd.«newMsSpecies sister pee eee ee ne eee 47 
16. Small cranidium (X 3). 
17. Holotype cranidium (X 2.5). 
18. Small pygidium (X 2.5). 
19. Pygidium (X 1.5). 
20. Pygidium (xX 3). 


Kootenta nitida, new SpeCieSswicce aaeaeiea cles nce s ee come ne rane cette rece 47 
21. Holotype cranidium (X 3.5). 
‘Kootenta bearensis, New SPeECleS). ...<<i.0s,4.« 4 cine singe w severe eye oneee pee eee 50 


22, 23. Holotype pygidium (X 2). 
Locality 19x. 

Kooteniavacicularss, new Species... ce sc sie) ai aie oie eee ne eee 49 
24. Small cranidium ( 6). 
25, 26. Holotype pygidium (xX 1.5). 

Olenoides maladensis, anew, Species asec eee eee eee een eee 46 
27. Holotype pygidium (X 1.5). 
28. Pygidium (X 1.5). 


PLATE II 


Kootenia:brevisping, Mew. Species: acsn2 son en eek eee eee eet one 50 
1, 2. Large pygidium (x 1.5). 
3. Holotype pygidium (X 1.5). 
4. Holotype pygidium (X 2.5). 
Kochtellavarenosa, new SpecieSe scan mes ccioicie ee tee Ce eee 56 
5, 6. Impressions of cranidia (> 1.5). 
7. Libragene (X1.5). 
8, 9. Pygidium (X 2). 
Locality 59c. 
Kocmellasmansieldianewmspecieser econ: are eee ae eee eee 57 
10, 11. Large pygidium (X 2). 
12. Partial cranidium (X 1.5). 
13. Holotype cranidium, and impression of Dolichometopsis pygidium 
(COCs) 
14. Pygidium, with Poulsenia (X 1.5). 
Locality 19s. 
Pachyaspisviypicalis, newsspecieSermricicoet cee oer Eee 61 
15, 16. Small cranidium (X 2). 
17. Cranidium (X 2). 
18, 19. Holotype cranidium (X 3). 
20. (Granidia (<3) 
(See also plate 12, figs. 1-3.) 
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PLATE 12 


VENI MEN PICGIIS, TIEW. SPECIES... 2.0< e «5 wie.s:c'0 aie, o:0i0h0ye.to-0,i7ibim eeala eeepc es 61 
1. Small cranidium (X 5). 
2, 3. Exfoliated cranidium (X 2). 
(See also plate 11, figs. 15-20.) 

FATOKUStOCANE) CUZSONG, TIEW “SPECIESs 4 cio cissis sic ne oo 6 sfolee wre d si eles a alete. rele Gis 51 
4, 5. Holotype cranidium (x 1.5). 
Locality 5of. 

IMOGIINGCMIUOCKEVENSUS, MEW, SPECLESs. «<1. + ve < or: esis less 06 /eecj elev sieusle eiicieiecke © 55 
6. Holotype cranidium (XX 2). 
Locality 5of. 


IGG ORUCSUIEG OTIC Ws) SPCCIES'=, <2 4, «41815 0) 5 418 av eeieve atapesstousial Tobe raetauavarseuretote ont ei 53 
7, 8. Holotype cranidium (x 2). 
linglefelatanaahocnsis new SPeCleSs aise e.ceicisieisic losis esincinie a eee eee 55 


9. Holotype cranidium (X 5). 
Locality 5of. 

PALO RASHOCOREMOLOU HUNT. TIEW. SPECIES s/.c1s0s + icles oie eleicheiaeie siete = ereve ies eeioeie 52 
10, 11. Holotype cranidium ( 2). 
Locality 55p. 

IMO GUM UaSaLGhensis. New, SPECIES. «+e ese sels eeidelees sciieiccioe ee celts 54 
12, 13. Holotype cranidium (X 1.5). 
14. Cranidium with cranidia of Taxrioura and Pachyaspis (X I. = 

IMOCH UU AEIOIG DLO AME We SPECIES so 74 sieve «| a1c.e lero orereiere eit creleetst oysters tiesto lle iors 54 
15, 16. Holotype cranidium (X 3). 
Locality 20x. 

Binoniellasmaladensis, new, SPCCieS.-.. 6s deene eee seca ee dee cere eelaecie 60 
17. Small cranidium (X 6). 
18, 19. Cranidium (X 2). 
20, 21. Holotype cranidium (X 3). 
22. Another cranidium (X 3). 
23. Partially exfoliated cranidium, with Tariouwra typicalis (X 2). 


PLATE 13 


PE SESSEOTS POU MICW) SDCCIES 1-105 015)~ s/ave aieisisia «+ oye bt siminim wie = Clare cisjeve itr ye tel eleesete 58 
ieee Cranidiam, (<2): 
3, 4. Partially exfoliated cranidium (X 2). 
(See also figs. 13-15.) 
Locality 59e. 

ZOU SCION D CONE SIUSS MEW SDCCLESiis)ciaic)s)e «lau + als o0) ole) o) \clels/ajeie) =/o1e1eis101s eelajskelale 60 
5, 6. Incomplete cranidium (x 1.5). 
7, 8. Holotype cranidium (X 2). 
Locality 19s. 

IROGHESPIS ANAIAAENSIS, EW. SPECIES... 266 osc s. cede eee ses nace ses nasscmeres 57 
9, 10. Pygidium ( 2.5). 
11, 12. Holotype pygidium (X 3). 

Kochaspis dispar, New: SPpCci€S... 2... cee ce ncn cen sec cceeneumnonensscsers 58 
13, 14. Holotype pygidium (X 2). 
15. Pygidium (XX 2). 
(See also figs. 1-4.) 
Locality 50e. 
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Pohiella- evasatchensiss news SpeClessea ees o eo eee eee nee eeCeeree 30 
16. Holotype (X 1.5). 
Locality 20x. 

Alokistocarella brighamensts; new Species... J... 2s ees << ele > ire re 53 
17. Cranidium and thorax (X 1.5). 

18. Holotype (X 1.5). 
Localities 55e, 20x. 

Poulsenia granosa, MEWxSPECleSs 5 <a. soca cee ec bien eee hee ee ee 59 

19. Pygidium (X 4). 

20. Small pigidium (X 6). 

21. Pygidium with test (x 6). 

22, 23. Exfoliated cranidium (X 2). 

24-27. Cranidia showing ornamentation (X I.5). 
28-30. Holotype (X 1.5). 


PLATE I4 


Taxioura-magna, new sSpecieS................- wpadoecs lane 63 
1, 2) byeidiamiy (Cars) 
3, 4. Holotype cranidium (X 1.5). 
5. Libragene (X 1.5). 
Tamoure ty picalis; NEW SPECIES. 5 sac, cs. sie sas elie hele See 62 
6. Libragene. 
7-9. Cranidia (X 1.5). 
10. Holotype cranidium and pygidium (x 1.5). 
11, 12. Well-preserved pygidium (X 1.5). 
13. Weathered cranidia (X 1.5). 
14. Pygidia with Acrothele artemis (X 1.5). 
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Eis tOFr THE FISHES TAKEN ON THE PRESIDENTIAL 
CRUISE OF 1938 


By WALDO L. SCHMITT and LEONARD P. SCHULTZ 
U. S. National Museum 


This list comprises only those fishes collected on the Presidential 
Cruise of 1938 which have actually been incorporated in the study 
collections of the United States National Museum. President Roose- 
velt, himself an ardent fisherman and keen naturalist, was the principal 
contributor of the specimens listed. Not only did he obtain some 
rarities, but he also succeeded in establishing maximum weight 
records for two species: 20 pounds for the rainbow runner, Elagatis 
bipinnulatus, and 38 pounds for the blue crevally, Caranx stellatus. 
The President was most ably assisted by the members of his personal 
party: Frederick B. Adams; Basil O’Connor; Stephen T. Early, 
the President’s Secretary; Capt. Ross T. McIntire, Medical Corps, 
WesIN Aide; Capt. D.. J. Callaghan, U-S.N., Naval Aide; and 
Col. Edwin W. Watson, U.S.A., Military Aide. Dr. Schmitt, by 
invitation of the President, was naturalist to the expedition.’ 

The officers and members of the crew of the U.S.S. Houston, on 
which the cruise was made, also collected many fishes, some of 
which are included in this list. 

All specimens brought back to the Museum for its permanent 
collections were identified by Dr. Schultz and Earl D. Reid, senior 
scientific aid, Division of Fishes, National Museum. The authors 
wish to express their thanks to Mr. Reid for his cooperation, and 
they are grateful also for assistance rendered by Dr. S. F. Hilde- 
- brand and Isaac Ginsburg, both of the United States Bureau of 
Fisheries. 


1A first listing of the fishes taken on the Presidential Cruise, together with 
remarks upon certain of the specimens preserved and notes on others observed in 
the field but not saved, was published by Dr. Schmitt as an “Annotated List of 
the Fishes,” appended to the “Log [of] The Cruise 1938,” by Capt. Die). 
Callaghan, U.S.N., Naval Aide to the President, with following title page: 
“The Inspection Cruise and Fishing Expedition of President Franklin D. 
Roosevelt on Board U.S.S. Houston 16 July 1938-9 August 1938.” Privately 
printed and distributed during the month of November 10938. 
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The collection proved to be of great value, for it contained nine 
species not represented in the Museum’s study collections. Two of 
these, Pycnomma rooseveltt and Garmannia gemmata, were de- 
scribed as new by Mr. Ginsburg.’ 


Family DUSSUMIERIIDAE: Round herring 


Etrumeus micropus Temminck and Schlegel 


Galapagos Islands, South Seymour Island, picked up on beach 
at north end, plateau-land section of island, July 29, 1938. U.S.N.M. 
No. 107049. 2 specimens. 


Family MURAENIDAE: Morays 


Uropterygius necturus (Jordan and Gilbert) 


Clipperton Island, shore rocks, July 21, 1939. U.S.N.M. No. 
107047. 2 specimens. 


Family FISTULARIDAE: Cornetfishes 


Fistularia petimba Lacépéde 


Galapagos Islands, James Island, Sulivan Bay, shore and tide 
pools, 3:30 to 5:00 p.m., July 24, 1938. U.S.N.M. No. 109958. 
I skeleton. 


Family MUGILIDAE: Mullets 


* Mugil setosus Gilbert 

Mexico, Braithwaite Bay, Socorro Island, shore, July 20, 1938. 
U.S.N.M. No. 107050. I specimen. 
Querimana curema (Cuvier and Valenciennes) 


Galapagos Islands, Albemarle Island, off Tagus Cove, I1: 00 p.m., 
dip net, electric light off gangway, July 25, 1938. U.S.N.M. No. 
IO705I. 15 specimens. 


Family SPHRYAENIDAE: Barracudas 


Sphyraena idiastes Heller and Snodgrass. Southern barracuda 


Galapagos Islands, Albemarle Island, off Tagus Hill, July 25, 
1938. U.S.N.M. No. 107052. I specimen. 


* Smithsonian Misc. Coll., vol. 98, No. 14, pp. 1-5, May 31, 1939. 
* New to U. S. National Museum Collections. 
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Galapagos Islands, Hood Island, July 28, 1938. U.S.N.M. No. 
107053. 2 specimens. 

Galapagos Islands, north end South Seymour Island, July 20, 
1938. U.S.N.M. No. 107054. 3 specimens. 


Family HOLOCENTRIDAE: Soldierfishes, squirrelfishes 
Holocentrus vexillarius Poey 


Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107064, 2 specimens. 


Family THUNNIDAE: Tunnies, albacores 


Sarda velox Meek and Hildebrand. Mexican bonito 


Galapagos Islands, July 24-30, 1938. U.S.N.M. No. 107055. 1 
specimen. 


Family KATSUWONIDAE: Victorfishes 
Euthynnus lineatus Kishinouye. Black skipjack 


Galapagos Islands, from off north end of South Seymour Island, 
July 29, 1938. U.S.N.M. No. 107057. 2 specimens. 

Galapagos Islands, Hood Island, July 28, 1938. U.S.N.M. No. 
107058. I specimen. 


Euthynnus alletteratus (Rafinesque) 


Galapagos Islands, Albemarle Island, Tagus Channel, July 25, 
1938. U.S.N.M. No. 107056. I specimen. 

First taken on the cruise in the Galapagos at three or more stops 
including Tagus Channel, and Sulivan Bay, James Island ; the heaviest 
one caught weighed about 17 pounds. Although known from the 
warmer waters of the Pacific and Atlantic, these represent a first 
Galapagos record. There may be some question as to the identity of 
this species. Anatomically it seems to differ little from Euthynnus 
lineatus (Kishinouye), over which it may take precedence as the 
earlier named species. The color and color pattern of the two are 
very different and, if not due to variation, will serve for ready 
recognition of the two forms in the field. One specimen from Tagus 
Channel, Albemarle Island, July 25, 1938, was saved. The color and 
pattern of the markings on the back of this fish, at first glance appear 
very much like those of the Pacific mackerel as figured by Walford 
in color in his “Marine Game Fishes” (pl. 37, fig. b). Also the 
color note given by Hildebrand in Meek and Hildebrand, “The 
Marine Fishes of Panama,” p. 311, 1923, appears to fit our specimen. 
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Family ACANTHOCYBIIDAE: Wahoo 


* Acanthocybium solandri (Cuvier and Valenciennes) 


Cocos Island, August 1, 1938. U.S.N.M. No. 107059. 1 specimen. 

Galapagos Islands, Fie Island, July 28, 1938. US. N.M. No. 
107060. 2 specimens. 

The heaviest wahoo taken weighed 54 pounds and was caught at 
Hood by Colonel Watson the afternoon of July 28. ““Gamest fish of 
trip. Red, or red and white feather is best lure.” 


Family CARANGIDAE: Pampanos 


Elagatis bipinnulatus (Quoy and Gaimard). Rainbow runner 


Cocos Island, August 1, 1938. U.S.N.M. No 107061. 1 specimen, 
weight 20 pounds. 

Several specimens were taken at Cocos Island, ‘Aapush 12 he 
President got the heaviest one, which was saved; fresh weight 20 
pounds, a record. Heretofore, the wigient of this species has been 
given as “‘at least 12 pounds.” 


Seriola mazatlana Steindachner. Mazatlan yellowtail 


Galapagos Islands, Albemarle Island, Tagus Cove, July 25, 1938. 
U.S.N.M. No. 107062. I specimen. 


* Seriola colburni Evermann and Clark. Pacific amberjack 


Galapagos Islands, off Hood Island, July 28, 1939. U.S.N.M. 
No. 107063. 2 specimens. 

Taken off Hood Island, July 28, and South Seymour, July 29. 
Heaviest about 28 pounds. The larger of the two Hood Island 
specimens saved weighed 24 pounds here at the Museum after having 
been pickled in formalin and then alcohol for some days. This appears 
to be the first definite: record of this species from the Galapagos 
Islands. 


Caranx stellatus Eydoux and Souleyet. Blue crevally 


Mexico, Lower California, off San José del Cabo Bay, from fishing 
banks, July 19, 1938. U.S.N.M. No. 107119. 1 specimen. 
_ Taken off Cape San Lucas, Socorro and Cocos Islands, The 
heaviest of several specimens was caught by the President at Socorro, 
July 20. It weighed about 38 pounds, a record for the species. 
Heretofore, the weight of this species has merely been recorded as 
“more than 20 pounds.” 





* New to U. S. National Museum Collections. 
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Caranx marginattus Gill 


Mexico, Socorro Island, Taly 20, 1938. U.S.N.M. No. 107185. 
2 specimens. 


Family SERRANIDAE: Groupers, sea basses 
Epinephelus labriformis (Jenyns). Flag cabrilla 


Galapagos Islands, James Island, Sulivan Bay, tide pools, July 24, 
1938. U.S.N.M. No. 107067. 2 specimens. 

Galapagos Islands, Charles Island, Post Office Bay, July 27, 1938. 
U.S.N.M. No. 107068. 1 specimen. 

Mexico, Socorro Island, July 20, 1938. U.S.N.M. No. 107179. 
I specimen. 


Epinephelus analogus Gill. Spotted cabrilla 


Mexico, Socorro Island, July 20, 1938. U.S.N.M. No. 107070. 
I specimen. 


Alphestes multiguttatus (Giinther). Pacific guaseta 


Galapagos Islands, James Island, Sulivan Bay, shore and tide 
pools, 3: 30 to 5:00 p.m., tide beginning to run out, July 24, 1938. 
U.S.N.M. No. 107069. I specimen. 


* Mycteroperca jordani (Jenkins and Evermann). Gulf grouper 


Mexico, Lower California, off San José del Cabo Bay, July 19, 
1938. U.S.N.M. No. 107065. 1 specimen, weight 20 pounds. 


Mycteroperca olfax (Jenyns). Colorado grouper, golden grouper 


Galapagos Islands, Albemarle Island, Elizabeth Bay, July 26, 1938. 
U.S.N.M. No. 107066. 1 specimen. 

The yellow or golden grouper of the Galapagos Islands is but a 
color phase of the Colorado grouper. The heaviest, 19 pounds, was 
caught by Mr. Early at Sulivan Bay, James Island, July 24. Colonel 
Watson also caught one of this weight the day following off Tagus 
Cove, Albermarle Island. Two others were taken off Hood Island, 
July 28. 

Cratinus agassizii Steindachner. Gray threadfin bass 

Galapagos Islands, Albemarle Island, Elizabeth Bay, July 26, 1938. 
U.S.N.M. No. 107071. 4 specimens. 

Galapagos Islands, Albermarle Island, off Tagus Cove, July 25, 
1938. U.S.N.M. No. 107072. I specimen. 

Galapagos Islands, Albemarle Island, Elizabeth Bays U.S.N.M. 
No. 107120. I specimen. 


* New to U. S. National Museum Collections. 
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A gray threadfin bass eaten by the President’s Mess was pro- 
nounced “very good eating.” This species was also found at South 
Seymour Island, July 29. 

Paranthias furcifer (Cuvier and Valenciennes). Southern creolefish 

Galapagos Islands, Hood Island, Gardner Bay, July 28, 1938. 
U.S.N.M. No. 107073. 6 specimens. 

Paralabrax albomaculatus (Jenyns). White-spotted rock bass 


Galapagos Islands, Albemarle Island, on west side, July 26, 1938. 
U.S.N.M. No. 107074. I specimen. 

Galapagos Islands, Albemarle Island, Tagus Cove, July 25, 1938. 
U.S.N.M. No. 107075. 6 specimens. 

Abundant on the west side of Albemarle Island, July 25 to 26; 
over a washtub full was taken on the second of the two days by 
members of the crew fishing over the side. 


Paralabrax clathratus (Girard) 


Mexico, Cedros Island, July 17, 1938. U.S.N.M. No. 107186. 
2 specimens. 


Family LUTIANIDAE: Snappers 


Evoplites viridis (Valenciennes). Blue and gold snapper 


Cocos Island, August 1, 1938. U.S.N.M. No. 107076. 2 specimens. 


Family HAEMULIDAE: Grunts 


Orthopristis forbesi Jordan and Starks in Gilbert 
Galapagos Islands, South Seymour Island, July 29, 1938. U.S.N.M. 


No. 107077. I specimen. 
Family KYPHOSIDAE: Pilotfishes 


* Doydixodon freminvillei Valenciennes 


Galapagos Islands, James Island, Sulivan Bay, tide pool, July 24, 
1938. U.S.N.M. No. 107078. 15 specimens. 


Family POMACENTRIDAE: Damselfishes 


Pomacentrus leucorus Gilbert 


Galapagos Islands, Narborough Island, shore, July 25, 1938. 
U.S.N.M. No. 107079. 2 specimens. 


* New to U. S. National Museum Collections. 
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Galapagos Islands, Hood Island, Gardner Bay, inshore fishing, 
July 28, 1938. U.S.N.M. No. 107080. I specimen. 


Galapagos Islands, James Island, Sulivan Bay, July 24, 1938. 
U.S.N.M. No. 107081. 2 specimens. 
Pomacentrus arcifrons Heller and Snodgrass 

Galapagos Islands, James Island, Sulivan. Bay, tide pool, July 24, 
1938. U.S.N.M. No. 107082. 2 specimens. 

Galapagos Islands, Charles Island, Post Office Bay, shore, July 27, 
1938. U.S.N.M. No. 107083. 4 specimens. 
Eupomacentrus leucostictus (Miiller and Troschel) 


/ Caribbean Sea, Old Providence Island, reef and tide pool in 
forenoon, August 6, 1938. U.S.N.M. No. 107090. 13 specimens. 


Abudefduf saxatilis (Linnaeus) 
Galapagos Islands, James Island, Sulivan Bay, tide pool, July 24, 


1938. U.S.N.M. No. 107087. 27 specimens. 


Caribbean Sea, Old Providence Island, shore, August 6, 1938, 
U.S.N.M. No. 107088. 4 specimens. 


Abudefduf analogus (Gill) 


Galapagos Islands, James Island, Sulivan Bay, tide pools, July 24, 
1938. U.S.N.M. No. 107089. I specimen. 


* Nexilosus albemarleus Heller and Snodgrass 
Galapagos Islands, Narborough Island, July 25, 1938. U.S.N.M. 
No. 107084. I specimen. 


Galapagos Islands, Albemarle Island, Tagus Cove, July 25, 1938. 
U.S.N.M. No. 107085. 3 specimens. 


Azurina eupalama Heller and Snodgrass 


Galapagos Islands, Hood Island, Gardner Bay, dip net, 11:00 p.m., 
off gangway at anchorage, July 27, 1938. U.S.N.M. No. 107086. 
I specimen. 


Family SPARISOMIDAE: Parrotfishes 
Sparisoma rubripinne (Cuvier and Valenciennes) 


Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107092. 4 specimens. 


* New to U. S. National Museum Collections. 
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Sparisoma hoplomystax (Cope) 


Caribbean Sea, Old Providence Island, dredge haul in 7 to 8 
fathoms inside reef, Catalina Harbor, August 6, 1938.. U.S.N.M. 
No. 107093. I specimen. 


Family LABRIDAE: Wrasses. Lipped fishes 
Pimelometopon darwinnii (Jenyns). Sheepshead 
Galapagos Islands, South Seymour Island, July 29, 1938. U.S.N.M. 
No. 107094. I specimen. 
Bodianus diplotaenia (Gill) 
Cocos Island, August 1, 1938. U.S.N.M. No. 107095. 2 specimens. 
Thalassoma grammaticum Gilbert 


Cocos Island, August 1, 1938. U.S.N.M. No. 107096. 2 specimens. 


Family ACANTHURIDAE: Surgeonfishes 


Hepatus triostegus (Linnaeus) 
Clipperton Island, July 21, 1938. U.S.N.M. No. 107098. 1 spec- 
imen. 
Family ELEOTRIDAE: Sleepers, gobies 
* Pycnomma roosevelti Ginsburg 


Caribbean Sea, Old Providence Island, August 6, 1938. U.S.N.M. 
No. 108139, holotype ; No. 107108, paratype. 2 specimens. 


Family GOBIIDAE: Gobies 


Bathygobius lineatus (Jenyns) 

Galapagos Islands, James Island, Sulivan Bay, tide pools, July 24, 
1938. U.S.N.M. No. 107106. 24 specimens. 

Galapagos Islands, Charles Island, Post Office Bay, July 27, 1938. 
US: N.M. No. 107128, 1, specimen: , 
Bathygobius soporator (Cuvier and Valenciennes) 

Caribbean Sea, Old Providence Island, shore, reef, and tide pools, 
August 6, 1938. U.S.N.M. No. 107107. 3 specimens. 
* Garmania gemmata Ginsburg 


Caribbean Sea, Old Providence Island, August 6, 1938. U.S.N.M. 
No. 107291, holotype ; No. 107109, paratype. 2 specimens. 


* New to U. S. National Museum Collections. 
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Family ECHENEIDIDAE: Remoras, sharkpilots 
Echeneis remora Linnaeus 


Cocos Island, August 2, 1938. U.S.N.M. No. 107117. 4 specimens. 
Cocos Island, forenoon, August 3, 1938, taken from 116 pound sail- 
fish. U.S.N.M. No. 107118. 2 specimens. 


Family CLINIDAE: Southern blennies 

Malacoctenus culebrae Evermann and Marsh | 

Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107110. 2 specimens. 
Malacoctenus zonogaster Heller and Snodgrass 

Galapagos Islands, James Island, Sulivan Bay, tide pools, July 24, 
1938. U.S.N.M. No. 107111. 8 specimens. 
Malacoctenus bigutatus (Cope) 

Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107112. I specimen. 
Labrisomus herminier (LeSueur) 

Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107113. 2 specimens. 
Labrisomus nuchipinnis (Quoy and Gaimard) 

Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107114. 2 specimens. 
Auchenistius stahli Evermann and Marsh 

Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107115. 5 specimens. 
* Auchenopterus fajardo Evermann and Marsh 


Caribbean Sea, Old Providence Island, shore, August 6, 1938. 
U.S.N.M. No. 107116. 3 specimens. 


Family BALISTIDAE: Triggerfishes 
Melichthys radula (Solander) 
Clipperton Island, July 21, 1938. U.S.N.M. No. 107099. 3 
specimens. 
Cocos Island, at north end, August 1, 1938. U.S.N.M. No. 
107100. I specimen. 


* New to U. S. National Museum Collections. 
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The Clipperton Island specimens were caught by the President with 
trout hook and pole with bit of fish skin as bait, while they were 
schooling at the surface. 


Family TETRAODONTIDAE: Puffers 


Sphoeroides annulatus (Jenyns) 
Galapagos Islands, Albemarle Island, Elizabeth Bay, July 26, 1938. 


U.S.N.M. No. 107101. 2 specimens. 
Galapagos Islands, South Seymour Island, July 29, 1938. U.S.N.M. 
No. 107102. I specimen. 


Tetradon hispidus Linnaeus 


Clipperton Island, shore, collecting on rocks, July 21, 1938. 


U.S.N.M. No. 107103. I specimen. 


Family CANTHIGASTERIDAE: Sharp-nosed puffers 


Canthigaster rostratus (Bloch) 


Caribbean Sea, Old Providence Island, August 6, 1938. U.S.N.M. 


No. 107105. I specimen. 
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